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1 .0 INTRODUCTION 

This report describes the features and use of the Validation 
Command Language ( V C L )  computer program which has been developed to 
aid the automotive safety researcher in quantifying comparisons between 
impact t e s t  resul ts  and predictions of mathematical simulations. Al- 
though these simulations have been installed on various computers, both 
within and outside the industry, extensive validations have been car- 
ried out only within the industry. The proprietary nature of the auto- 
motive hardware used in the t e s t  programs necessitates that  the results 
be kept proprietary. This fac t  leads safety researchers and government 
standards writers not havina access to the data to question the potential 
and applicabili ty of models. The VCL will aid in publicizing models, 
many of which have been developed 1 argely under MVMA funding, and demon- 
s t rat ing the i r  accuracy. 

1 . 1  Description of the Val idation Command Language 

Procedures have been developed by which the output from two-dimensional 
and three-dimensional mathematical model simulations of specific crashes 
can be quantitatively compared to  the resul t s  of experimental ly staged 
simulations of the same crash. Since crash victim simulation deals w i t h  

the physical parameters of crash victim dynamics, i t  i s  desirable to com- 

pare o u t p u t  from the model with the same types of physical parameters 
gathered during experimental simul ation. The comparison techniques 
accomodate variance between computed and experimentally measured 
variables which may d i f fe r  in amp1 i tude, phase, and frequency content. 

The procedure, which i s  general enough t o  be used in comparisons of any 
two or more sets  of simulated and/or physical data, has been demonstrated 
ut i l iz ing the MVMA Two-Dimensional Crash Victim Simulation model in the 
text  which follows. 

The VCL has been structured to provide: 
1 .  User ease; 
2 .  Self-contained analytical power; and 
3. Graphical o u t p u t  capabil i ty.  

The technique of a command language has been chosen to provide user ease. 



I t  consists of simple English words which can be entered into the com- 
puter a t  a remote terminal or in a batch process. The words are designed 
for use by a wide range of professionals whether they be an engineer or 
computer programmer -- a designer or a manager. With these commands, 
the user can operate with the three basic elements of a validation pro- 
cedure : 

1 .  Experimental and/or mathematical ly simulated data f i  1 es ; 
2. Analytical tools with the capability of comparing data f i l e s ,  

computing s t a t i s t i ca l  parameters and injury indices, combining variables , 
e tc . ;  and, 

3. O u t p u t  graphic displays showing validation, correlation and/or 
compari sons. 

Comands in VCL are described in Part 2.2 of the report. Examples of their  
use are given in Part 2 .4 .  

One of the primary features of VCL i s  that provision has been made 
for a large collection of analytical tools which can be used to operate 
on the subject data sets :  

1 .  Simple f i l e  manipulation, 
2. Determination of Fourier coefficients of a digitized time 

dependent signal ; 
3. Signal integration (HIC,  severity index, area, etc.  ) ; 
4. Sta t i s t ica l  measures (minimum, maximum, variance, median, 

confidence interval length, e tc .  ) ; 
5 .  Data f i l te r ing  w i t h  f i l t e r  definition chosen by the user; 
6. Regression f i t t i ng  of data; and, 
7 .  Imp1 ementation of user supplied formula combining physical 

data quantities in a simple analytical expression (Formula Interpreter).  

The important fact t o  note i s  that the software associated with the 
various analytical procedures have been provided with the VCL thus making 
i t  a stand-alone package. 

Additional power i s  provided by the Formula Interpreter. In  those 

cases where a particular standard analytical tool i s  not available for 
operation on a data s e t ,  the user can write an analytical expression 
combining the pertinent data quantities and inser t  i t  as input data. 
The resulting formula will then be evaluated automatically. Therefore, 



t he  user  can: 

1. supply  h i s  own performance i n d i c a t o r s ;  

2. compute r e s u l  t a n t  acce le ra t i ons ,  e t c .  ; and, 

3. per form complex da ta  f i l e  combinat ions. 

A f t e r  t h e  user  has operated on t he  s u b j e c t  da ta  f i l e s  us ing  the  

i n t e r a c t i v e  commands o f  VCL, he i s  p rov ided  w i t h  a d d i t i o n a l  commands 

f o r  t h e  purpose o f  produc ing u s e f u l  and demonstrat ive g raph ic  ou tpu t .  

Labels,  u n i t s ,  and sca les a r e  a t  user  o p t i o n .  The t h r e e  types o f  standard 

p l o t s  a v a i l a b l e  are:  

1. Car tes ian  ( x  vs. y f o r  up t o  f i v e  v a r i a b l e s ) ;  

2. Phase plane; and, 

3. Dev ia t i on  (x -y  vs. t ime f o r  up t o  f i v e  p l o t s ) .  

I n  a d d i t i o n ,  a  summary p l o t  c o n t a i n i n g  a l l  t he  d i s c r e t e  comparison o r  v a l i -  

d a t i o n  i n d i c a t o r s  can be produced. Th i s  p l o t  i s  i n  t h e  form o f  a  p o l a r  

p l o t  w i t h  t he  var ious  q u a n t i t i e s  p r i n t e d  a long  t he  var ious  r a d i i  . 
Example p l o t s  a r e  shown i n  P a r t  2.4 o f  t he  r e p o r t .  

1.2 A p p l i c a t i o n s  o f  t he  Val i d a t i o n  Command Language 

I n  a t t emp t i ng  t o  determine t he  " v a l i d i t y "  o f  mathematical c rash  

v i c t i m  s imu la t i ons  and, f o r  t h a t  ma t te r ,  exper imenta l  s imu la t i ons  o f  

c rash  events,  t h e  f o l l o w i n g  ques t i on  always seems t o  a r i s e :  "How does 

one compare t he  r e s u l t s  o f  impact  events?"  I t  f o l l o w s  t h a t  the  two 

problems which must be faced i n  e s t a b l i s h i n g  v a l i d i t y  are:  1. t he  

making o f  dec is ions  on what performance i n d i c a t o r s  should be used and how 

good t he  comparisons should be on a  q u a n t i t a t i v e  bas is ;  and, 2. t he  

ac tua l  comparison o f  a n a l y t i c a l  and/or exper imenta l  data.  A v a r i e t y  

of  performance i n d i c a t o r s  have been proposed f o r  one a p p l i c a t i o n  o r  

another  by i n d u s t r i a l ,  governmental and o t h e r  groups. Several  o f  t he  

more common o f  these a re  i nc l uded  among . the  computat ional  t o o l s  o f  t he  

VCL. However, t h e r e  i s  no r e a l  consensus w i  t h i n  t he  hi,ghway s a f e t y  com- 

muni t y  as t o  an u l t i m a t e  performance i n d i c a t o r  o r  d e f i n i t i o n  o f  v a l i d a t i o n .  

The VCL has been developed t o  serve w i t h i n  t he  p resen t  scenar io  

of sa fe ty  and r e s t r a i n t  system research and eva lua t i on .  I n  t h i s  regard,  
t he  a n t i c i p a t e d  a p p l i c a t i o n s  a re  sumnarized i n  t he  f o l  l ow ing  1 i s t :  



1 . Man ipu la t ion ,  a n a l y s i s  and comparison o f  dynamic impact data;  

2. Graphica l  p r e s e n t a t i o n  o f  dynamic impact data;  

3. Use as an o rgan i z i ng  t o o l  t o  simp1 i f y  q u a n t i t a t i v e  v a l i d a t i o n  

o f  mathematical  models ; and, 

4. Use as an o rgan i z i ng  t o o l  t o  demonstrate c o r r e l a t i o n  o r  t he  l a c k  

t h e r e o f  between exper iments and/or t h e o r e t i c a l  es t imates  . 
The Formula I n t e r p r e t e r  so f tware  c a r r i e s  t he  man ipu la t i on  and a n a l y s i s  

c a p a b i l i t y  a  b i t  f u r t h e r .  I f  a  new a n a l y t i c a l  ly-based performance c r i t e r i a  

i s  developed, t h e  user can i n s e r t  t h e  formula as da ta  and r e t r i e v e  t he  

r e s u l t s  w i t h o u t  f u r t h e r  post -process ing.  

I n  conc lus ion ,  t he  VCL has been developed t o  p rov i de  t h e  user  w i t h  

so f tware  necessary f o r  conduct ing v a l i d a t i o n  o r  c o r r e l a t i o n  s t u d i e s  g i ven  

exper imenta l  o r  s imu la ted  data.  I t  i s  n o t  capable o f  making a  d e c i s i o n  

f o r  him as t o  whether a  model i s  v a l i d ,  b u t  r a t h e r ,  i s  i n tended  t o  pro-  

v i d e  him w i t h  t h e  t o o l s  he needs t o  a i d  him i n  making t h e  dec is ion .  

Th i s  manual app l i es  o n l y  t o  t he  Val i d a t i o n  Command Language f o r  Vers ion 

4 of t h e  MVMA 2-D C V S  model. Users of VCL f o r  Vers ion 3 should r e f e r  t o  

t he  December 10, 1976, HSRI r e p o r t  number UM-HSRI-76-20. Users of VCL f o r  

t he  CAL 3-D model should r e f e r  t o  t h a t  same r e p o r t  and a d d i t i o n a l  l y  t o  

Appendix C of t h e  A p r i l  1978 Month ly  Report  t o  NHTSA on Cont rac t  DOT-HS-7- 

01 659. 



2.0 USER'S GUIDE FOR THE VALIDATION COMMAND LANGUAGE 

2.1 Val i d a t i o n  Command Lanquaqe Soeci f i c a t i o n  

The purpose o f  t he  V a l i d a t i o n  Command Language i s  t o  p rov i de  

a i d  i n  da ta  reduc t ion ,  da ta  p repara t ion ,  da ta  p resen ta t ion ,  compari- 

son o f  model r e s u l t s  and exper imental  r e s u l t s ,  and t h e  p resen ta t i on  

o f  such compari sons. These computat ional  se rv ices  a re  made ava i  1  ab le  

i n  the  form o f  a  command language i n  o rde r  t o  p rov ide  maximum f l e x i -  

b i l i t y .  Th is  Command Language i s  c u r r e n t l y  implemented o n l y  f o r  use 

on runs f o r  t h e  MVMA Two-Dimensional CVS Model and exper imental  data .  

A  second ve rs i on  of t he  command language has been developed f o r  use on 

runs  of t h e  C A I  3-D program and exper imental  data.  

The Command Language i s  broken i n t o  the  f o l l o w i n g  major  d i v i s i o n s :  

D i v i s i o n  Name Exp lana t ion  

1.  I d e n t i f i c a t i o n  S p e c i f i c a t i o n  o f  model runs,  exper imental  

data  and general  c o n t r o l  i n f o r m a t i o n  

2. Assessment Checking the  da ta  f o r  f l aws  and general  

p r o p e r t i e s  

3 .  P repara t ion  Co r rec t i ng  t he  f l  aws found, computat ion o f  

des i r ed  d i s c r e t e  q u a n t i t i e s  summarizing t ime- 

dependent q u a n t i t i e s  

4. Comparison Various comparisons o f  d i s c r e t e  and t ime-  

dependent q u a n t i t i e s  

5.  P resen ta t ion  Various o ~ t i o n s  f o r  p resen ta t i on  o f  quan- 

ti t i e s  and comparisons. 

Table 1  con ta ins  a  d e t a i l e d  d e s c r i p t i o n  of each command. The 

f i r s t  column o f  t h i s  t a b l e  shows a  f acs im i l e  of t h e  sentence which i d e n t i -  

f i e s  the  command t oge the r  w i t h  markings which i n d i c a t e  poss ib l e  abbre- 

v i a t i o n s .  The second column inc ludes  t h e  s h o r t e s t  sentence abbre- 

v i a t i o n s .  The t h i r d  column i n c l  udes t he  necessary d e s c r i p t i o n  f o r  

compi 1  i ng the  comands . 
Under l ined l e t t e r s  i n  t he  f i r s t  column o f  each word a re  those 

upon which t h e  i d e n t i f i c a t i o n  o f  t he  ca rd  i s  made and must be c o r r e c t .  

The i d e n t i f i c a t i o n  process i s  con f ined  t o  t h e  f i r s t  two words. These 

two words may be abbrev ia ted by these two l e t t e r s  p laced con t iguous ly  

o r  separated by one o r  more blanks. The commands can be used i n  any 



o rde r  b u t  a l l  i n f o r m a t i o n  f o r  each command must be p laced i n  t he  o rde r  

shown and i n  one cont iguous s t r i n g  o f  up t o  t en  1  i nes o r  cards.  

Many commands r e q u i r e  user -supp l ied  names t o  i d e n t i f y  da ta  se t s  o r  

constants  i n  o rde r  t o  p rov ide  f o r  l a t e r  re fe rence  o f  the  i n f o r m a t i o n  

generated by t he  command. Such names a re  i n d i c a t e d  i n  Table 1  by a  

phrase i n  t h e  command d e s c r i p t i o n  beg inn ing  w i t h  a  c a p i t a l  l e t t e r  and con- 

t a i n i n g  t he  word "name. " User-suppl i e d  names c o n s i s t  o f  any sequence of 

l e t t e r s  and numbers which i s  one t o  s i x  charac te rs  l ong  and begins w i t h  

a  l e t t e r .  Such names a r e  def ined upon t h e i r  f i r s t  use and may be reused 

as many t imes as necessary. I n  case o f  subsequent use t o  ho ld  t he  ou tpu t  

of  a  command, t h e  o r i g i n a l  values w i l l  be s to red  over .  

The term "data s e t "  always i m p l i e s  a  s e t  o f  values f o r  a  time-depen- 

dent  v a r i a b l e  s p e c i f i e d  a t  l e a s t  a t  two t ime p o i n t s .  The term "cons tan t "  

i s  used whenever t he  v a r i a b l e  i s  t ime-independent o r  when o n l y  one t ime 

p o i n t  i s  s p e c i f i e d .  

Where brackets  enclose a  number o f  choices separated by slashes 

i n  t he  command d e s c r i p t i o n s ,  one such choice must be made. Items 

enclosed i n  parentheses a re  o p t i o n a l .  I f  an i t e m  i s  t o t a l l y  i n  

c a p i t a l s  i n  t he  Command d e s c r i p t i o n ,  i t  i s  a  code word and must appear 

as shown i f  i t  i s  used a t  a1 1.  Every command must end w i t h  a  pe r i od .  

Many commands con ta in  a  data sec t i on .  The s tandard format  f o r  

data sec t i ons  i s  t h a t  a l l  numerical  values a re  s p e c i f i e d  as f l o a t i n g  

p o i n t  numbers ( i n  t he  Fo r t r an  F o r  E-format) and separated by commas 

w i t h  t he  end o f  data marked by an a s t e r i s k .  Data must s t a r t  on a  new 

card from the  card  c o n t a i n i n g  t he  per iod ,  must have a t  l e a s t  one 

complete number s p e c i f i c a t i o n  p e r  card, and the  l a s t  number must be 

f o l l owed  by an a s t e r i s k .  Table 1  con ta ins  a  d e s c r i p t i o n  o f  the data t o  

be i nc l uded  i n  the  o rde r  i n  which i t  i s  t o  appear. Column th ree  con ta ins  

s p e c i f i c a t i o n  o f  any d i f f e r e n c e  from the  s tandard data format .  



TABLE 1 .  VALIDATION COMMAND LANGUAGE FORMATS 

Sentence Contents Sentence Notes 
A b b r e v i a t i o n  

IDENTIFICATION DIVISION 

CONTROL PARAMETERS. - - 
C P I f  t h i s  command i s  c o m p l e t e l y  

l e f t  o u t ,  t h e  t h r e e  va lues  
( a )  P r i n t  c o n t r o l  = 0 no t e l e t y p e  d e f a u l t  t o  0, 300, and 1  

o u t p u t  r e s p e c t i v e l y  . 
= 1  r e g u l a r  t e l e -  

t y p e  o u t p u t  
= 2  r e g u l a r  p l u s  

supplementary 
t e l e t y p e  o u t -  
P u t  

( b )  D e f a u l t  f i n a l  t i m e  (msec) 

( c )  Output  u n i t  s w i t c h  = 1  m e t r i c  
u n i t s  

= 2 E n g l i s h  
u n i t s  

TEST RUN [Tapename/NONE] . - - T  R Tape name o f  d i  g i  t i  zed tape  o r  
NONE i f  i n f o r m a t i o n  i s  i n  p r e -  

( a )  L o g i c a l  d e v i c e  number t o  read  pared f i l e .  Tape r e a d i n g  i s  n o t  
t ape  o r  f i l e .  implemented i n  c u r r e n t  program. 

TEST QUANTITY Dataname ( F i  1 ename) . - - T  Q Dataname i s  name by wh ich  t h i s  
d a t a  i s  t o  be re fe renced .  F i l e -  

( a )  Tape f i l e  number o r  f i l e  r e c o r d  name i s  needed o n l y  f o r  t ape  i n  
number (F 1 )  TR and used as doublecheck.  Tape 

( b )  Time inc remen t  (msec) 

( c )  F i n a l  t i m e  (msec) 

f i l e  number i s  t ape  f i l e  wh ich  
c o n t a i n s  data .  F i l e  r e c o r d  number 
i s  s t a r t i n g  r e c o r d  o f  f i l e  wh ich  
c o n t a i n s  data .  See S e c t i o n  2.2.1 
f o r  d e t a i  1  s  . 

MODEL RUN. - - MR L o g i c a l  d e v i c e  numbers f o r  t h e  
two MVMA c a t c h  f i l e s  w r i t t e n  ( a )  L o g i c a l  d e v i c e  number 1  on NU and MV r e s p e c t i v e l y .  

( b )  L o g i c a l  d e v i c e  number 2 

MODEL QUANTITY Dataname (Name A  - - MQ I d e n t i f y i n g  names Name A  and 
(Name B ) ) .  Name B must be s u p p l i e d  t o  make , , 

( a )  MVMA o u t p u t  c a t e g o r y  number 

( b )  MVMA o u t p u t  column number 

( c )  Time inc remen t  (msec) 

c e r t a i n  d a t a  reques ts  s p e c i f i c .  
See S e c t i o n  2 .2 .2  f o r  d e t a i l s .  

( d )  F i n a l  t i m e  (msec) 



TABLE 1  . VALIDATION COMMAND LANGUAGE FORMATS ( C o n t i  nued) 

Sentence Contents Sentence Notes 
A b b r e v i a t i o n  

ASSESSMENT DIVISION 

QUANTITY - MEASURES Dataname. 

For a l l  t imes  p r e s e n t  i n  d a t a ,  

QM 
t h i s  command p r i n t s  minimum, 
maximum, mean, va r i ance ,  mode, 
median and con f i dence  i n t e r v a l  
1  ength .  

QUANTITY PHASE Dataname A  Dataname - - QP Compares two d a t a  s e t s  and 
B. p r i n t s  maximum c o r r e l  a t i o n  and 

( a )  S t a r t i n g  s t a r t  t i m e  f o r  c u r v e  A  
(msec) 

( b )  Increment  o f  s t a r t  t i m e  f o r  cu rve  
A (msec) 

( c )  F i n a l  s t a r t  t i m e  f o r  cu rve  A  (msec) 

( d )  Time inc remen t  between p o i n t s  
c o r r e l a t e d  f o r  cu rve  A  (msec) 

( e )  S t a r t i n g  s t a r t  t i m e  f o r  c u r v e  B 
(nis ec ) 

( f )  Increment  o f  s t a r t  t i m e  f o r  c u r v e  
B (msec) 

( g )  F i n a l  s t a r t  t i m e  f o r  cu rve  B  (msec) 
( h )  Time increment  between p o i n t s  c o r -  

r e l a t e d  f o r  c u r v e  B (msec) 

(i) Number o f  p o i n t s  used i n  c o r r e l a -  
t i o n  

s t a r t i n g  t imes  f o r  phase s h i f t  
r e c o g n i t i o n .  See s e c t i o n  2 .2 .3  
f o r  d e t a i  1 s .  

QUANTITY - AMPLIFICATION Dataname A  Q A  Compares subsets  o f  two d a t a  
Dataname B. s e t s  and p r i n t s  maximum c o r -  

( a )  S t a r t i n g  t i m e  f o r  p o i n t s  c o r -  
r e l a t e d  on cu rve  A  ( m e c )  

( b )  Increment  o f  t i m e  p o i n t s  c o r -  
r e 1  a t e d  on cu rve  A  (rnsec) 

( c )  S t a r t i n g  t i m e  f o r  p o i n t s  c o r -  
r e l a t e d  on cu rve  B (msec) 

( d )  Increment  o f  t i m e  p o i n t s  c o r -  
r e l a t e d  on cu rve  B  (msec) 

( e )  Number o f  p o i n t s  used i n  c o r -  
r e l a t i o n  

( f )  S t a r t i n g  ampl i tude  f a c t o r  

r e 1  a t i o n  and ampl i tude f a c t o r  
f o r  r e c o g n i t i o n  o f  c a l  i b r a t i o n  
problems. See S e c t i o n  2 .2 .4  f o r  
d e t a i  1  s  . 

( g )  Increment  o f  ampl i t u d e  f a c t o r  

( h )  F i n a l  amp1 i t u d e  f a c t o r  



TABLE 1 .  VALIDATION COMMAND LANGUAGE FORMATS (Cont inued)  

Sentence Contents Sentence Notes 
A b b r e v i a t i o n  

FOURIER COEFFICIENTS Dataname. FC P r i n t s  l e a s t  squares a p p r o x i -  - - ~ - 
( a )  S t a r t  t i m e  o f  p e r i o d  (msec) 

( b )  Time inc remen t  between p o i  nt.s 
t o  be i n c l u d e d  (msec) 

( c )  F i n a l  t i m e  o f  p e r i o d  (msec) 

( d )  Number o f  harmonics t o  be com- 
pu t e d  

ma t ion  t o  F o u r i e r  c o e f f i c i e n t s .  
Presented subse t  o f  d a t a  con- 
s i d e r e d  one p e r i o d .  The num- 
b e r  o f  c o e f f i c i e n t s  p r i n t e d  
i s  t w i c e  t h e  number o f  h a r -  
monics p l u s  one. See S e c t i o n  
2 .2 .5  f o r  d e t a i l s .  

PREPARATION DIVISION 

SHIFT - ZERO Dataname Newdataname. S  Z If 0  ( a )  i ( c )  , p i c k s  a sub- - s e t  o f  a  da ta  s e t  and s t o r e s  as 
( a )  S t a r t  t i m e  (msec) a  new da ta  s e t .  I f  ( a )  = ( c ) ,  

( b )  Time increment  (msec) 

( c )  F i n a l  t i m e  s t e p  (msec) 

p i c k s  a  s i n g l e  p o i n t  and s t o r e s  
as a  new cons tan t .  I f  ( a )  < 0, 
/ ( a )  1 c ( c ) ,  p i c k s  a  subset ,  

s h i f t s  t i m e  t o  s t a r t  a t  zero ,  and 
s t o r e s  as a  new d a t a s e t .  

FILTER GENERATION F i  1  tername. - - FG Invokes i n t e r a c t i v e  f i l t e r  
des ign  program. See S e c t i o n  
2 . 2 . 6  f o r  d e t a i l s .  

FILTER DATA Dataname Newdataname - - F D A p p l i e s  f i l t e r  t o  da ta  s e t  t o  
F i  1 tername . produce a  new d a t a  s e t .  F i l t e r  

e i t h e r  one produced by FG com- 
mand o r  one o f  p r e d e f i n e d  f i l t e r s .  
See S e c t i o n  2.2.7 f o r  d e t a i l s .  

COMPUTE MEASURES Dataname. - - C M Produces e i g h t  cons tan ts  w i t h  
names d e r i v e d  f rom o r i g i n a l  name. 

( a )  S t a r t  t i m e  (msec) The e i g h t  cons tan ts  cor respond t o  
( b )  F i n a l  t i m e  (msec) t h e  minimum, maximum, mean, v a r i -  

ance, mode, median, con f i dence  
i n t e r v a l  l e n g t h ,  and number o f  
p o i n t s  minus one. See S e c t i o n  
2.2.8 f o r  d e t a i l s .  

COMPUTE HIC Dataname Newdataname. - - CH Produces a  c o n s t a n t  which i s  t h e  
( a )  Number o f  p o i n t s  t h e  T1 of a HIC HIC of da ta  s e t  s u p p l i e d .  See 

d u r a t i o n  i s  indexed S e c t i o n  2.2.9 f o r  d e t a i l s .  

( b )  Number o f  p o i n t s  t h e  T2 o f  a HIC 
d u r a t i o n  i s  indexed 

( c )  F r a c t i o n  o f  max HIC below which  
scann ing i s  s topped 



TABLE 1 . VAL1 DATION COMMAND LANGUAGE FORMATS (Con t i nued )  

Sentence Contents Sentence Notes 
A b b r e v i a t i o n  

_ _ _ _ _ _ _ _ _ - -  -- -- _ _ I _ _ _ C _ _ _ _ _ _ _ _  - _ - .  

COMPUTE SEVERITY Dataname Newdataname. CS Produces a c o n s t a n t  wh ich  i s  t h e  

( a )  S t a r t  t i m e  (nsec) 
o r i g i n a l  S e v e r i t y  I ndex  o f  t h e  
da ta  s e t  s u p p l i e d .  See S e c t i o n  

( b )  Time inc remen t  (nsec) 2 .2.9 f o r  d e t a i l s .  

( c )  F i n a l  t i m e  s t e p  (nsec) 

COMPUTE GMRSI Dataname Newdataname. CG - - Produces a c o n s t a n t  wh ich  i s  t h e  
( a )  S t a r t  t i m e  (msec) m o d i f i e d  S e v e r i t y  Index o f  t h e  

d a t a  s e t  s u p p l i e d .  See S e c t i o n  
( b )  Time increment  (msec) 2.2.9 f o r  d e t a i l s .  

( c )  F i n a l  t ime(msec)  

THREE MILLISECOND Dataname. -- - 
( a )  Start t i m e  (msec) 

( b )  Time inc remen t  (msec) 

( c )  F i n a l  t i m e  (n~sec)  

TM Produces t h r e e  c o n s t a n t s  which a r e  
peak v a l  ue, t h r e e  mi 11 i second 
average, and t h e  l e a d i n g  t i m e  o f  
t h e  t h r e e  m i l  1 i second  i n t e r v a l  . 
See S e c t i o n  2.2.9 f o r  d e t a i l s .  

COMPUTE INTEGRATION Dataname - - 
Newdataname. 

( a )  S t a r t  t i m e  

( b )  F i n a l  t i m e  

C I Produces a c o n s t a n t  which i s  
t h e  Simpson's r u l e  i n t e g r a l  o f  t h e  
d a t a  o v e r  t h e  s p e c i f i e d  i n t e r v a l .  

COMPUTE FREQUENCY Dataname. - - C F Produces two cons tan ts  wh ich  a r e  - 

( a )  S t a r t  t i m e  o f  p e r i o d  (msec) 

( b )  I n t e r v a l  o f  t i m e  f o r  p o i n t s  used 
(msec) 

( c )  F i n a l  t i m e  o f  p e r i o d  (msec) 

( d )  Number o f  harmonics t o  be con- 
s i dered 

t h e  maximum c o e f f i c i e n t  and t h e  
co r respond ing  f requency f o r  t h a t  
c o e f f i c i e n t .  See S e c t i o n  2.2.10 
f o r  d e t a i  1 s .  

MODIFY AMPLITUDE Dataname Newdataname, MA - - Produces a new d a t a  s e t  wh ich  
( a )  F a c t o r  has been m u l t i p l i e d  p o i n t  by 

p o i n t  by  t h e  g i v e n  f a c t o r .  
( b )  S t a r t  t i m e  (msec) 

( c )  Time inc remen t  o f  p o i n t s  used (msec) 

( d )  F i n a l  t i m e  (msec) 



TABLE 1 . VAL I DATION COMMAND LANGUAGE FORMATS (Con t i nued )  

Sentence Conten ts  Sentence Notes 
A b b r e v i a t i o n  

CORRELATE CURVES Dataname A Dataname CC - - Produces a c o n s t a n t  wh ich  i s  t h e  
B Newda taname . c o r r e l a t i o n  o f  da ta  s e t  A w i t h  

( a )  S t a r t  t i m e  f o r  d a t a  s e t  A (msec)  

( b )  Time i nc remen t  f o r  d a t a  s e t  A 
(msec)  

( c )  F i n a l  t i m e  f o r  d a t a  s e t  A (msec)  

( d )  S t a r t  t i m e  f o r  d a t a  s e t  B (msec)  

( e )  Time i nc remen t  f o r  d a t a  s e t  B 
(msec)  

d a t a  s e t  B .  

MINUS COMPUTATION Dataname A - - MC Produces a new d a t a  s e t  wh i ch  
Dataname B i s  Dataname A minus Dataname B 
Newdataname f o r  t h e  s p e c i f i e d  t i m e  p o i n t s .  

( a )  S t a r t  t i m e  (msec) 

( b )  Time i nc remen t  (msec) 

( c )  F i n a l  t i m e  (msec) 

COMPARISON DIVISION 

COMPUTE VARIANCE Dataname A Data-  - 
C V  Computes and p r i n t s  F - d i s t r i  bu- 

name B .  t i o n  compar ison o f  v a r i a n c e s .  
CM must have been p r e v i o u s l y  
r u n  f o r  each g i v e n  d a t a  s e t .  

POINTWISE MEANS Dataname 1 . . . . - PM Produces a new d a t a  s e t  wh ich  i s  
Dataname N t h e  mean o f  t h e  g i v e n  cu rves  
Newdataname. p o i n t  by p o i n t  t o g e t h e r  w i t h  f o u r  

( a )  S t a r t  t i m e  f o r  new d a t a  set; 
(msec) 

( b )  Time i n c r e r ~ i e n t  f o r  new d a t a  
s e t  (msec) 

c o n s t a n t s  wh i ch  a r e  t h e  minimum, 
n i a x i ~ , l u ~ ~ ~ ,  lilean and v a r i a n c e  o f  
t I I ~ J  c j ~ r ~ ( ~ r ' r l t ; ~ d  r 1 1 t . v ~  <,t+ ' ) P (  1 i ( , t ~  

;' ;'. I I l f , r  l l l ~ t ~ l l  I < .  

( c )  F i n a l  t i m e  o f  t h e  new d a t a  
s e t  (msec) 



TABLE 1  . VALIDATION COMMAND LANGUAGE FORMATS ( c o n t i n u e d )  

Sentence Contents Sentence Notes 
A b b r e v i a t i o n  

REGRESSION FITTING Dataname A - - R F  Computes and p r i n t s  r e g r e s s i o n  
(Dataname B )  . po lynomia l s  and f i t s  s p e c i f i e d .  

( a )  S t a r t  t i m e  o f  da ta  t o  be f i t  See S e c t i o n  2.2.12 f o r  d e t a i l s .  

(ms ec ) 
( b )  Time increment  o f  d a t a  t o  be 

f i t  (msec) 

( c )  F i n a l  t i m e  o f  da ta  t o  be f i t  
(msec) 

( d )  Minimum degree o f  po lynomia l  
t o  be f i t t e d  

( e )  Maximum degree of po lynomia l  
t o  be f i t t e d  

( f )  Number o f  decimal  p laces  t o  
p r i n t  i n  p r i n t o u t  

( g )  Sw i t ch  = 1  i f  p r i n t o u t  on 
b a t c h  I d n  o n l y  

= 2  i f  p r i n t o u t  on 
b o t h  b a t c h  and 
i n t e r a c t i v e  I d n ' s  

---- - - - - - 
FORMULA INTERPRETER Newdataname. - - F I ~ o r t r a n  a r i t h m e t i c  s ta tement  

combines v a r i a b l e s ,  cons tan ts .  

( a )  S t a r t  t i m e  (msec) 

( b )  Time increment  (msec) 

and numeric va lues .  
Formula must s t a r t  on a  new 1 i n e .  
Any dataname may be a  d a t a s e t  

( c )  F i n a l  t i m e  (msec) 
name, a  c o n s t a n t  name o r  a numeric 
q u a n t i t y .  See S e c t i o n  2.2.13 f o r  

[Formula o f  form: $U$U-dataname 1  0 . . . d e t a i  1  s. 
O$U$U-da taname N$E 
on up t o  t e n  l i n e s  

Note:  $U s tands f o r  una ry  o p e r a t o r ,  0  s tands f o r  b i n a r y  o p e r a t o r .  



TABLE 1  . VALIDATION COMMAND LANGUAGE FORMATS ( C o n t i  nued) 

Sentence Contents Sentence Notes 
A b b r e v i a t i o n  

PRESENTATION DIVISION 

START PLOT [PRINT/OFF-LINE] [POLAR/ - S P  Set  up a  p l o t .  See S e c t i o n  2.2.14 
P H A S E / ~ A R T / D E V ] .  f o r  d e t a i  1  s  . 
A. For  POLAR o n l y :  

( a )  F r a c t i o n a l  marg in  p o s i t i o n  
( b )  F r a c t i o n a l  minimum accep- 

tance c i r c l e  d i sp lacemen t  
f rom u n i t y  

( c )  F r a c t i o n a l  maximum accep- 
t ance  c i r c l e  d i sp lacemen t  
f r o m  u n i t y  

B. For  PHASE o n l y :  
( a )  Maximum Y c o o r d i n a t e  f o r  

p l o t  area ( o p t i o n a l  ) 
( b )  Minimum Y c o o r d i n a t e  f o r  

p l o t  a rea ( o p t i o n a l  ) 
( c )  Minimum X c o o r d i n a t e  f o r  

p l o t  a rea ( o p t i o n a l  ) 
( d )  Maximum X c o o r d i n a t e  f o r  

p l o t  a rea ( I f  a  t h rough  c  
om i t t ed ,  square area 
cen te red  about  ze ro  p r o -  
duced) 

C .  For  b o t h  CART and DEV: 
( a )  Maximum t i m e  p l o t  on area 
( b )  Minimum Y c o o r d i n a t e  on 

p l o t  a rea 
( c )  Maximum Y c o o r d i n a t e  on 

p l o t  a rea 
- 

PLOT QUANTITY Dataname A  Da taname - p 4 P l o t s  t h e  r a t i o  o f  c o n s t a n t  A  t o  
B .  c o n s t a n t  B on a  POLAR p l o t .  May 

( a )  Ang le  a t  wh ich  r a t i o  i s  t o  be 
p l o t t e d  (deg)  

n o t  be used f o r  o t h e r  p l o t  types .  

PLOT CURVE Dataname A  (Dataname B) . - - PC For CART: P l o t s  Data s e t  A  as one 
o f  up t o  5 curves .  

For  PHASE: P l o t s  Data s e t  A  as 
Y versus  Data s e t  B as 
X .  Only one c u r v e  p e r  
p l o t .  

For DEV: P l o t s  Data s e t  A  minus 
Data s e t  B as Y and t i m e  
as X .  May have up t o  
5 cu rves .  



TABLE 1  . VAL1 DATION COMMAND LANGUAGE FORMATS ( C o n t i  nued ) 

Sentence Contents Sentence 
A b b r e v i a t i o n s  

Notes 

PLOT PLOT. - PP P l o t s  t h e  e x i s t i n g  p l o t  images. 

PRINT SINGLE Dataname. - - PS P r i n t s  t h e  va lue  o f  a  c o n s t a n t .  

TIME PRINT Dataname. - - 
( a )  S t a r t  t i m e  (msec) 

( b )  Time increment  (msec) 

TP P r i n t s  t h e  va lues o f  a  da ta  s e t .  

( c )  F i n a l  t i m e  (msec) 



2.2 D e s c r i p t i o n  o f  Command Language Q u a n t i t i e s  

Th i s  s e c t i o n  o f  t h e  r e p o r t  i n c l udes  t e x t  m a t e r i a l  t o  supplement 

Table  1  o f  Sec t ion  2.1. The i n t e n t  i s  t o  p rov i de  t h e  use r  w i t h  in forma-  

t i o n  so t h a t  he can use t h e  Command Language w i t h  t h e  a i d  of o n l y  Table  

1  and t h i s  s e c t i o n .  

2.2.7 Tes t  Data S p e c i f i c a t i o n s  (TR and TQ) 

Exper imental  da ta  may be supp l i ed  t o  t h e  V a l i d a t i o n  Command Language 

i n  t h e  form of  tape and i n  t he  form o f  a  f i x e d  fo rmat  f i l e .  Tape read ing  

i s  p rov i ded  f o r  by a  user-suppl  i e d  tape read ing  sub rou t i ne  (see Sec t ion  

3.3.2 f o r  d e t a i l s ) .  

The f i x e d  fo rmat  f i l e  r ead ing  sub rou t i ne  i s  supp l i ed  as p a r t  of t h e  

Command Language. Th i s  subprogram expects n  + 2  records  o f  i n p u t  where 

n  i s  t h e  number o f  t ime  p o i n t s  supp l i ed .  The f i r s t  r eco rd  con ta i ns  

f i v e  c o n t r o l  parameters. The fo rmat  o f  t h e  f i r s t  r e c o r d  i s  as f o l l o w s :  

( a )  S t a r t  t ime  ( i n  msec) i n  columns one through f i v e  w i t h  dec imal ,  

( b )  Time increment  ( i n  msec) i n  columns s i x  through t e n  w i t h  dec imal ,  

( c )  Number o f  t ime  p o i n t s  r i g h t  ad jus ted  i n  columns e leven through 

t h i r t e e n ,  

( d )  The dimension code index (see Table  2) r i g h t  ad jus ted  i n  columns 

f ou r t een  through s i x t een ,  

and ( e )  a  s w i t c h  (which i s  one f o r  m e t r i c  system and two f o r  Eng l i sh  

system) r i g h t  ad jus ted  i n  columns seventeen through n ine teen .  

The second r e c o r d  con ta i ns  t h e  F o r t r a n  fo rmat  o f  t h e  remain ing 

records  enclosed i n  parentheses, anywhere i n  columns one through e i g h t y .  

The word "FORMAT" must n o t  appear i n  the  s p e c i f i e d  format .  

The remain ing records c o n t a i n  t he  o r d i n a t e  f o r  each of  t h e  t imes 

i m p l i e d  by t h e  t h r e e  c o n t r o l  parameters i n  t h e  f i r s t  record .  M u l t i p l e  

TR' s  and TQ 's  may be used i n  one run  o f  t h e  Command Language, b u t  a1 1  

TQ ' s  w i t h  r e fe rence  t o  one TR must appear be fo re  t he  n e x t  TR. The tape 
o r  f i l e  o f  i n p u t  da ta  must be a t tached  t o  t h e  s p e c i f i e d  l o g i c a l  dev ice  

number. The coo rd i na te  system i s  assumed p o s i t i v e  upwards f o r  p o s i t i o n s  

and r e l a t e d  q u a n t i t i e s .  



TABLE 2. TEST DATA QUANTITY DIMENSION CODE INDICES 

Q u a n t i t y  Type 

d i s t ance  

v e h i c l e  v e l o c i t y  

v e l o c i t y  

fo rce  

energy 

v e l o c i t y  

to rque  o r  moment 

pressure 

temperature 

vo 1 ume 

mass 

mass f low 

a c c e l e r a t i o n  

angles 

angu la r  v e l o c i t y  

angular  a c c e l e r a t i o n  

Dimensions 

cm o r  i n  

kph o r  mph 

m/s o r  f / s  

N o r  I b  

J o r  f t - l b  

cm/s o r  i n / s  

N-m o r  I b - i n  

N/sq cm o r  p s i  

O K  o r  O R  

3 cm o r  i n  3 

kg  o r  Ibm 

kq/s o r  lbm/s 

g ' s  

deg 

deg/sec 

rad l sec  2 

Code Index 



2.2.2 Model Data S p e c i f i c a t i o n s  (MR and MQ) 

Model r u n  data from a  r u n  o f  the  MVMA Two-Dimensional CVS Model 

may be supp l ied  t o  the  Command Language us ing  MR and MQ. The model 

data i s  s p e c i f i e d  by us ing  t he  MVMA ou tpu t  category number, t h e  MVMA 

ou tpu t  column number, and op t i ona l  i d e n t i f y i n g  names. Table 3 i s  

used t o  determine these two numbers. Table 3 conta ins a  d e s c r i p t i v e  

a l phabe t i ca l  l i s t  of  a l l  t h e  model q u a n t i t i e s  which may be recorded by 

t he  MVMA 2-D i n  t he  catch f i l e s  a t tached  t o  l o g i c a l  dev ice numbers NU 

and MV. L i s t e d  w i t h  each d e s c r i p t i v e  t i t l e  i s  the  i d e n t i f y i n g  category 

and column number. 

I f  t h e  category number i s  two, th ree ,  o r  four ,  t he  i d e n t i f y i n g  

names must be supp l ied  i n  o rde r  t o  make t he  model q u a n t i t y  s p e c i f i c a -  

t i o n  unique. The names a re  s p e c i f i e d  i n  f i x e d  format as f o l l ows .  

The dataname supp l ied  i s  fo l lowed by one b lank,  then a  s i x t e e n  charac te r  

Name A, then a  b lank,  then a  s i x t e e n  charac te r  Name B y  and then a  

per iod .  I f  the  category number i s  two o r  th ree ,  Name A must be t he  

name o f  a  r eg ion  s p e c i f i e d  i n  t he  run  i n  ques t ion  and Name B must be 

b lank.  I f  the  category number i s  f o u r ,  t h ree  cases e x i s t .  When the  

column number i s  i n  the  range one t o  ten,  Name A must be an e l l i p s e  

name and Name B must be a  1  i n e  name. When t h e  column number i s  i n  t h e  

range e leven t o  twenty one, Name A and Name B must bo th  be e l l i p s e  

names. When t h e  column number i s  i n  t he  range twenty two t o  twenty- 

n ine ,  Name A must be a  be1 t name as shown i n  Table 4 and Name B must 

be b lank,  

M u l t i p l e  MR's and MQ's may be used i n  one run  o f  the  Command 

Language, b u t  a1 1  M Q '  s w i t h  re fe rence  t o  one MR must appear before the  

n e x t  MR. The ca tch  f i l e s  w r i t t e n  w h i l e  a t tached t o  t h e  l o g i c a l  dev ice 

numbers NU and MV du r i ng  the  model r un  must be at tached t o  t he  two 

s p e c i f i e d  l o g i c a l  dev ice numbers suppl i e d  r e s p e c t i v e l y .  



TABLE 3. MVMA 2-0 Data Quan t i t i e s  A v a i l a b l e  (Page 1  of 9)  

QUANTITY DESCRIPTION CATG. NO. COL. NO. 

A i rbag  CG f o r c e  components - head moment 2  0  
A i rbag  CG f o r c e  components - head x 2  0 
A i rbag CG fo rce  components - head z 2  0  
A i rbag CG force components - lower  t o r s o  moment 20 
A i rbag  CG f o r c e  components - lower  t o r s o  x 20 
A i rbag  CG force components - lower  t o r s o  z 20 
A i rbag CG fo rce  components - m idd le  t o r s o  moment 20 
A i rbag  CG f o r c e  components - midd le  t o r s o  x 2  0  
A i rbag  CG force components - m idd le  t o r s o  z 2  0  
A i rbag CG f o r c e  components - upper l e g  moment 20 
A i rbag  CG f o r c e  components - upper l e g  x 2  0  
A i rbag  CG force components - upper l e g  z 2  0 
A i rbag  CG force components - upper t o r s o  moment 2  0 
A i rbag  CG fo rce  components - upper t o r s o  x 2  0  
A i rbag  CG force components - upper t o r s o  z 2  0 
A i rbag con tac t  fo rces  - head pressure 19 
A i  rbag con tac t  f o r ces  - head t ens ion  19 
A i rbag  con tac t  forces - l owe r  t o r s o  pressure 19 
Ai rbag c o n t a c t  fo rces  - lower  t o r s o  t ens ion  19 
A i rbag  con tac t  fo rces  - midd le  t o r s o  pressure 19 
A i  rbag  con tac t  fo rces  - midd le  t o r s o  t ens ion  19 
A i rbag  con tac t  fo rces  - upper l e g  pressure 19 
A i rbag  c o n t a c t . f o r c e s  - upper l e g  t ens ion  19 
A i rbag  con tac t  forces - upper t o r s o  pressure 19 
A i rbag  con tac t  fo rces  - upper t o r s o  t ens ion  19 
A i rbag  va r i ab l es  - bag gas mass 18 
A i rbag  v a r i a b l e s  - bag pressure 18 
A i rbag  v a r i a b l e s  - bag temperature 18 
A i rbag  v a r i a b l e s  - bag volume 18 
A i rbag  v a r i a b l e s  - mass f l o w  i n  18 
A i rbag  v a r i a b l e s  - mass f low o u t  18 
A i rbag  va r i ab l es  - supply  temperature 18 
B e l t  angles - l a p  b e l t  inboard 5 
Be1 t angles - 1  ap be1 t outboard 5 
Be1 t angles - t o r s o  be1 t lower  5 
Be1 t angles - t o r s o  be1 t upper 5 
Body j o i n t  coord ina te  - elbow x 13 
Body j o i n t  coord ina te  - elbow z 13 
Body j o i n t  coord ina te  - h i p  x 13 
Body j o i n t  coord ina te  - h i p  z 13 
Body j o i n t  coord ina te  - knee x 13 
Body j o i n t  coord ina te  - knee z 13 
Body j o i n t  coord ina te  - lower  sp ine  x 13 
Body j o i n t  coord ina te  - lower  sp ine  z 13 
Body j o i n t  coord ina te  - upper sp ine  x 13 
Body j o i n t  coord ina te  - upper sp ine  z 13 
Body j o i n t  v e l o c i t y  - elbow x 14 
Body j o i n t  v e l o c i t y  - elbow z 14 
Body j o i n t  v e l o c i t y  - h i p  x 14 
Body j o i n t  v e l o c i t y  - h i p  z 14 



TABLE 3. MVMA 2-D Data Quant i t i e s  Available (Page 2 of 9 )  

QUANTITY DESCRIPTION CATG. N O .  C O L .  NO. 

Body j o in t  velocity - knee x 14 7 
Body j o in t  velocity - knee z 14 8 
Body j o in t  velocity - lower spine x 14 3 
Body j o in t  velocity - lower spine z 14 4 
Body j o in t  velocity - upper spine x 14 1 
Body j o in t  velocity - upper spine z 14 2 
Body 1 i n k angles - head 10 1 
Body 1 ink angles - lower arm 10 10 
Body l ink angles - lower leg 10 7 

/ 

Body 1 ink angles - 1 ower torso 10 5 
Body l ink angles - middle torso  10 4 
Body 1 ink angles - neck 10 2 
Body 1 i n k  angles - shoulder 10 8 
Body 1 ink angles - upper arm 10 9 
Body 1 ink angles - upper leg 10 6 
Body 1 ink angles - upper torso 10 3 
Body 1 ink angular accelerat ion - head 12 1 
Body l ink angular accelerat ion - lower arm 12 10 
Body l ink angular accelerat ion - lower leg 12 7 
Body 1 ink angular accelerat ion - lower torso 12 5 
Body 1 ink angular accelerat ion - middle torso 12 4 
Body 1 ink angular accelerat ion - neck 12 2 
Body 1 ink angular accelerat ion - shoulder 12 8 
Body 1 ink angular accelerat ion - upper arm 12 9 
Body 1 ink angular accelerat ion - upper leg 12 6 
Body 1 ink angular accelerat ion - upper torso 12 3 
Body l ink angular velocity - head 11 1 
Body l ink angular velocity - lower arm 11 10 
Body l ink angular velocity - lower leg 11 7 
Body 1 ink angular velocity - lower torso  11 5 
Body 1 ink angular velocity - middle torso  11 4 
Body 1 ink angular velocity - neck 11 2 
Body 1 ink angular velocity - shoulder 11 8 
Body 1 ink angular ve1 oci ty  - upper arm 11 9 
Body 1 ink angul a r  vel oci ty - upper 1 eg 11 6 
Body 1 i n k  angular velocity - upper torso 11 3 
Center of mass resu l t an t  moment - head 3 2 1 
Center of mass resu l t an t  moment - head applied 

force component 32 9 
Center of mass resu l t an t  moment - lower a m  3 2 8 
Center of mass resu l t an t  moment - lower leg 3 2 6 
Center of mass resu l t an t  moment - lower torso 32 4 
Center of mass resu l t an t  moment - middle torso 32 3 
Center of mass resu l t an t  moment - upper arm 3 2 7 
Center of mass resu l t an t  moment - upper leg 3 2 5 
Center of mass resu l t an t  moment - upper torso  3 2 2 
Center of mass x force component - head 30 1 
Center of mass x force component - head applied 

force component 30 9 
Center of mass x force component - lower arm 30 8 
Center of mass x force component - lower leg 3 0 6 



.. 
TABLE 3. MVMA 2-D Data Q u a n t i t i e s  A v a i l a b l e  (Page 3 o f  9)  

QUANTITY DESCRIPTION CATG. NO COL. NO. 

Center o f  mass x f o r c e  component - lower  t o r s o  30 4 
Center o f  mass x f o r c e  component - midd le  t o r s o  30 3 
Center o f  mass x f o r c e  component - upper arm 30 7 
Center o f  mass x f o r c e  component - upper l e g  30 5 
Center o f  mass x f o r c e  component - upper t o r s o  30 2 
Center o f  mass z f o r c e  component - head 3 1 1 
Center o f  mass z f o r c e  component - head a p p l i e d  

f o r c e  component 31 9 
Center o f  mass z f o r c e  component - lower  arm 3 1 8 
Center o f  mass z f o r c e  component - lower  l e g  3 1 6 
Center o f  mass z f o r c e  component - lower  t o r s o  3 1 4 
Center o f  mass z f o r c e  component - m idd le  t o r s o  3 1 3 
Center o f  mass z f o r c e  component - upper arm 3 1 7 
Center o f  mass z f o r c e  component - upper l e g  3 1 5 
Center o f  mass z f o r c e  component - upper t o r s o  31 2 
Contact  b e l t  vs at tachment - absorbed energy 4 2 9 
Contact  be1 t vs at tachment - d e f l e c t i o n  r a t e  4 23 
Contact  be1 t vs at tachment - d e f l e c t i o n  4 22 
Contact  b e l t  vs at tachment - unadjusted t ens ion  4 2 5 
Contact  b e l t  vs at tachment - r e s u l t a n t  fo rce  4 27 
Contact  b e l t  vs at tachment - r e s u l t a n t  heading 

angle  4 28 
Contact  b e l t  vs at tachment - r i n g  e q u i l i b r i u m  

tens ion  4 2 4 

Contact  be1 t vs at tachment - t ens ion  ad justment  4 26 
Contact  e l  1 i p s e  vs e l l i p s e  - body segment x f o r  

e l l i p s e  A 4 18 
Contact  e l l i p s e  vs e l l i p s e  - body segment z f o r  

e l l i p s e  A 4 19 
Contact  e l  1 i p s e  vs e l l i p s e  - body segment x f o r  

e l l i p s e  B 4 20 
Contact  e l  1 i p s e  vs e l l i p s e  - body segment z f o r  

e l l i p s e  B 4 2 1 
Contact  e l l i p s e  vs e l l i p s e  - cen te r  p o i n t  x f o r  

e l l i p s e  A 4 14 
Contact  e l l i p s e  vs e l l i p s e  - cen te r  p o i n t  z f o r  

e l l i p s e  A 4 15 
Contact  e l l i p s e  vs e l l i p s e  - cen te r  p o i n t  x f o r  

e l l i p s e  B 4 16 
Contact  e l l i p s e  vs e l l i p s e  - cen te r  p o i n t  z f o r  

e l l i p s e  B 4 17  
Contact  e l l i p s e  vs e l l i p s e  - d e f l e c t i o n  r a t e  4 12 
Contact  e l l i p s e  vs e l l i p s e  - d e f l e c t i o n  4 11 
Contact  e l  1 i p s e  vs e l  1 i p s e  - normal f o r c e  4 13 
Contact  e l l i p s e  vs l i n e  - con tac t  p o i n t  x on body 

segment 4 9 
Contact  e l l i p s e  vs l i n e  - c o n t a c t  p o i n t  z on body 

segment 4 10 
Contact  e l l i p s e  vs l i n e  - c o n t a c t  p o i n t  p o s i t i o n  

on l i n e  4 5 
Contact  e l l i p s e  vs l i n e  - con tac t  p o i n t  v e l o c i t y  

on l i n e  4 6 



TABLE 3. MVMA 2-D Data Q u a n t i t i e s  A v a i l a b l e  (Page 4 o f  9 )  

QUANTITY DESCRIPTION CATG. NO. COL. NO. 

Contac t  e l l i p s e  vs l i n e  - c o n t a c t  p o i n t  x  i n  
i n e r t i a l  space 4 

Contac t  e l l i p s e  vs l i n e  - c o n t a c t  p o i n t  z i n  
i n e r t i a l  space 4 

Contac t  e l l i p s e  vs l i n e  - d e f l e c t i o n  4 
Contact  e l l i p s e  vs l i n e  - d e f l e c t i o n  r a t e  4 
Contac t  e l l i p s e  vs 1  i n e  - normal f o r c e  4 
Contac t  e l l i p s e  vs l i n e  - t a n g e n t i a l  f o r c e  4 
Femur and t i b i a  l oads  - femur a x i a l  a t  knee 4 0 
Femur and t i b i a  l oads  - femur a x i a l  a t  sensor 40 
Femur and t i b i a  l oads  - femur shear a t  knee 40 
Femur and t i b i a  loads - t i b i a  a x i a l  a t  f o o t  40 
Femur and t i b i a  l oads  - t i h i a  a x i a l  a t  knee 40 
F i  1  t e r e d  a c c e l e r a t i o n s  - c h e s t  A-P 7 
F i  1  t e r e d  a c c e l e r a t i o n s  - ches t  r e s u l t a n t  7 
F i l t e r e d  a c c e l e r a t i o n s  - c h e s t  S- I 7 
F i l t e r e d  a c c e l e r a t i o n s  - head A-P 7 
F i  1  t e r e d  acce l  e r a t i o n s  - head r e s u l  t a n t  7 
F i l t e r e d  a c c e l e r a t i o n s  - head S-I 7 
F i l  t e r e d  a c c e l e r a t i o n s  - h i p  r e s u l t a n t  7 
F i l t e r e d  a c c e l e r a t i o n s  - h i p  x  7 
F i l t e r e d  a c c e l e r a t i o n s  - h i p  z 7 
F i  1  t e r e d  s e v e r i t y  index  - ches t  SI A-P 9 
F i l t e r e d  s e v e r i t y  index  - c h e s t  SI r e s u l t a n t  9 
F i l t e r e d  s e v e r i t y  index  - c h e s t  SI S-I 9 
F i l t e r e d  s e v e r i t y  index  - c h e s t  mod SI A-P 9 
F i  1  t e r e d  s e v e r i t y  index  - c h e s t  mod SI r e s u l t a n t  9 
F i l t e r e d  s e v e r i t y  index  - c h e s t  mod SI S-I 9 
F i l t e r e d  s e v e r i t y  index  - head SI A-P 9 
F i l t e r e d  s e v e r i t y  i ndex  - head SI r e s u l t a n t  9 
F i l t e r e d  s e v e r i t y  index  - head SI S-I 9 
F i l t e r e d  s e v e r i t y  i ndex  - head mod SI A-P 9 
F i  1  t e r e d  s e v e r i t y  i ndex  - head mod SI r e s u l t a n t  9 
F i l t e r e d  s e v e r i t y  i ndex  - head mod SI S-I 9 
F r i c t i o n  component j o i n t  t lorque - elbow 2  5  
F r i c t i o n  component j o i n t  t o rque  - h i p  2  5  
F r i c t i o n  component j o i n t  t o rque  - knee 25 
F r i c t i o n  component j o i n t  t o rque  - lower  neck 25 
F r i c t i o n  component j o i n t  t o r q u e  - lower  s p i n e  25 
F r i c t i o n  component j o i n t  t o rque  - shou lder  a t  arm 25 
F r i c t i o n  component j o i n t  t o r q u e  - upper neck 2  5  
F r i c t i o n  component j o i n t  t o rque  - upper s p i n e  25 
J o i n t  absorbed energy - elbow 16 
J o i n t  absorbed energy - h i p  16 
J o i n t  absorbed energy - knee 16 
J o i n t  absorbed energy - l ower  neck 16 
J o i n t  absorbed energy - lower  sp ine  16 
J o i n t  absorbed energy - neck l e n g t h  16 
J o i n t  absorbed energy - shou lde r  a t  arm 16 



T A B L E  3. MVMA 2-D Data Quant i t ies  Available (Page 5 of 9 ) 

QUANTITY DESCRIPTION C A T G .  NO.  C O L .  NO. 

Jo in t  absorbed energy - shoulder a t  torso 
Joint  absorbed energy - shoulder length 
Joint  absorbed energy - upper neck 
Joint  absorbed energy - upper spine 
Joint  f r i c t i on  absorbed energy - elbow 
Joint  f r i c t i on  absorbed energy - hip 
Joint  f r i c t i on  absorbed energy - knee 
Joint  f r i c t i on  absorbed energy - lower neck 
Joint  f r i c t i on  absorbed energy - lower spine 
Joint  f r i c t i on  absorbed energy - shoulder a t  arm 
Joint  f r i c t i on  absorbed energy - upper neck 
Joint  f r i c t ion  absorbed energy - upper spine 
Joint  muscle tension absorbed energy - el bow 
Joint  muscle tension absorbed energy - hip 
Joint  muscle tension absorbed energy - knee 
Joint  muscle tension absorbed energy - lower neck 
Joint  muscle tension absorbed energy - lower spine 
Joint  muscle tension absorbed energy - neck length 
Joint  muscle tension absorbed energy - shoulder a t  

arm 
Joint  muscle tension absorbed energy - shoulder a t  

torso 
Jo in t  muscle tension absorbed energy - shoulder 

length 
Joint  muscle tension absorbed energy - upper neck 
Joint  muscle tension absorbed energy - upper spine 
Joint  stop absorbed energy - el bow 
Joint  stop absorbed energy - hip 
Joint  stop absorbed energy - knee 
Joint  stop absorbed energy - lower neck 
Joint  stop absorbed energy - lower spine 
Joint  stop absorbed energy - shoulder a t  arm 
Joint  stop absorbed energy - shoulder length 
Jo in t  stop absorbed energy - upper neck 
Joint  stop absorbed energy - upper spine 
Joint  torques - el bow 
Joint  torques - hip 
Jo in t  torques - knee 
Jo in t  torques - lower neck 
Joint  torques - lower spine 
Joint  torques - shoulder a t  arm 
Jo in t  torques - shoulder a t  torso 
Joint  torques - upper neck 
Jo in t  torques - upper spine 
Jo in t  viscous absorbed energy - elbow 
Joint  viscous absorbed energy - hip 
Joint  viscous absorbed energy - knee 
Joint  viscous absorbefi energy - lower neck 
Jo in t  viscous absorbed energy - lower spine 
Joint  viscous absorbed energy - neck length 
Joint  viscous absorbed energy - shoulder a t  arm 
Joint  viscous absorbed energy - shoulder length 
Joint  viscous absorbed energy - upper neck 



T A B L E  3. M V M A  2-D Data Quant i t ies  Available (Page 6 of 9 ) 

QUANTITY DESCRIPTION CATG NO. C O L .  NO. 

Jo in t  viscous absorbed energy - upper spine 
Kinetic energy - arms 
Kinetic energy - head 
Ki neti c energy - head superior-i nferior  
Kinetic energy - torso 
Kinetic energy - to ta l  body 
Line movement of Point A x 
Line movement of Point A z 
Line movement of Point 1 x 
Line movement of Point 1 z 
Line movement of Point 2 x 
Line movement of Point 2 z 
Line movement of Point 3 x 
Line movement of Point 3 z 
Line movement of Point 4 x 
Line movement of Point 4 r 
Line movement of Point 5 x 
Line movement of Point 5 z 
Linear component of jo in t  torque - elbow 
Linear component of jo int  torque - hip 
Linear component of jo int  torque - knee 
Linear component of jo int  torque - lower neck 
Linear component of jo int  torque - lower spine 
Linear component of jo int  torque - shoulder a t  
Linear component of jo int  torque - upper neck 
Linear component of jo in t  torque - upper spine 
Muscle tension forces - neck 
Muscle tension forces - shoulder length 
Muscle tension torque - el bow 
Muscle tension torque - hip 
Muscle tension torque - knee 
Muscle tension torque - lower neck 
Muscle tension torque - lower spine 
Muscie tension torque - shoulder a t  arm 
Muscle tension torque - shoulder a t  torso 
Muscle tension torque - upper neck 
Muscle tension torque - upper spine 
Neck and shoulder forces - neck l inear  
Neck and shoulder forces - neck muscle 
Neck and shoulder forces - neck non-linear 
Neck a n d  shoulder forces - neck total  
Neck and shoulder forces - neck viscous 
Neck and shoulder forces - shoulder l inear  
Neck and shoulder forces - shoulder muscle 
Neck and shoulder forces - shoulder non-1 inear 
Neck and shoulder forces - shoulder to ta l  
Neck and shoulder forces - shoulder viscous 
Neck jo int  coordinates - lower neck x 
Neck jo int  coordinates - lower neck z 

2 9 
1 7  
17 
17 
17 
1 7  
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

23 
23 
23 
2 3 
23 

arm 23 
23 
23 
38 
38 
3 8 
38 
3 8 
38 
38 
3 8 
3 8 
38 
38 
37 
3 7 
3 7 
37 
37 
3 7 



T A B L E  3 .  M V M A  2-D Data Quantities Available (Page 7 of 9 ) 

QUANTITY DESCRIPTION 

Neck jo in t  coordinates - lower neck x velocity 
Neck jo int  coordinates - lower neck z velocity 
Neck jo int  coordinates - neck length 
Neck jo in t  coordinates - neck length ra te  
Neck jo in t  coordinates - upper neck x 
Neck jo in t  coordinates - upper neck z 
Neck jo int  coordinates - upper neck x velocity 
Neck jo int  coordinates - upper neck z velocity 
Nonl i  near component of jo in t  torque - el bow 
Nonlinear component of jo int  torque - hip 
Nonlinear component of jo in t  torque - knee 
Nonlinear component of jo int  torque - lower neck 
Nonlinear component of jo in t  torque - lower spine 
Nonlinear component of jo in t  torque - shoulder a t  

arm 
Nonl inear component of jo in t  torque - upper neck 
Nonlinear component of jo in t  torque - upper spine 
Quantity fo r  region - average migration XR 
Quantity for  region - average migration Z R  
Quantity f o r  region - end point movement A-X 
Quantity fo r  region - end point movement A-Z 
Quantity fo r  region - end point movement B-X 
Quantity for  region - end point movement B - Z  
Quantity fo r  region - force component X R  
Quantity fo r  region - force component Z R  
Quantity fo r  region - number e l l i p se  contacting 
Shoulder jo int  coordinates - shoulder a t  arm x 
Shoulder jo in t  coordinates - shoulder a t  arm z 
Shoulder jo in t  coordinates - shoulder a t  arm x 

vel oci ty 
Shoulder jo in t  coordinates - shoulder a t  arm z 

veloci ty 
Shoulder jo int  coordinates - shoulder a t  torso x 
Shoulder jo in t  coordinates - shoulder a t  torso z 
Shoulder jo in t  coordinates - shoulder a t  torso x 

vel oci ty 
Shoulder jo in t  coordinates - shoulder a t  torso z 

vel oci ty 
Shoulder jo int  coordinates - shoulder length 
Shoulder jo int  coordinates - shoulder length r a t e  
Steering column coordinates - gear box x 
Steering column coordinates - gear box z 
Steering col umn coordinates - wheel attachment 

point x 
Steering column coordinates - wheel attachment 

point x 
Steering column coordinates - wheel h u b  x 
Steering column coordinates - wheel h u b  z 
Steering column coordinates - wheel lower edge x 
Steering column coordinates - wheel lower edge z 

CATG . 
2 1 
2 1 
21 
2 1 
2 1 
2 1 
2 1 
2 1 
24 
2 4 
24 
2 4 
2 4 

2 4 
2 4 
2 4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 2 
2 2 

22 

2 2 
2 2 
22 

2 2 

2 2 
2 2 
2 2 
3 3 
3 3 

3 3 

3 3 
33 
33 
3 3 
33 

N O .  C O L .  N O .  



TABLE 3. MVMA 2-D Data Q u a n t i t i e s  Ava i l ab le  (Page 8 o f  9 ) 

QUANTITY DESCRIPTION CATG. NO. COL. NO. 

S teer ing  column coord inates - wheel middle edge x  
S teer ing  column coordinates - wheel middle edge z 
S teer ing  column coord inates - wheel upper edge x  
S teer ing  column coord inates - wheel upper edge z 
S teer ing  column f o r c e  components - head moment 
S teer ing  column fo rce  components - head x 
S teer ing  column f o r c e  components - head z 
S teer ing  column fo rce  components - lower t o rso  

moment 
S teer ing  column f o r c e  components - lower t o rso  x 
S teer ing  column fo rce  components - lower t o r s o  z 
S teer ing  column fo rce  components - middle t o rso  

moment 
S teer ing  column fo rce  components - middle t o rso  x  
S teer ing  column fo rce  components - middle t o rso  z 
S teer ing  column fo rce  components - upper t o rso  

moment 
S teer ing  column fo rce  components - upper t o rso  x 
S teer ing  column f o r c e  components - upper t o rso  z 
S teer ing  column fo rces  - 1  ower c o l  umn extensional  

normal f o r ce  
Steer ing  column fo rces  - lower hinge moment 
S teer ing  column fo rces  - upper column extensional  

normal f o r c e  
Steer ing  column fo rces  - upper hinge moment 
S teer ing  column fo rces  - wheel hub normal f o r c e  
Steer ing  column fo rces  - wheel hub tangen t i a l  f o r c  
S teer ing  column fo rces  - wheel lower edge normal 

force 
Steer ing  column fo rces  - wheel lower edge tan- 

g e n t i a l  f o r c e  
Steer ing  column fo rces  - wheel middle edge normal 

force 
Steer ing  column fo rces  - wheel middle edge tan- 

g e n t i a l  f o r c e  
Steer ing  column fo rces  - wheel upper edge normal 

f o r ce  
Steer ing  column fo rces  - wheel upper edge tan- 

g e n t i a l  f o r c e  
Steer ing  column k i  nematics - 1 ower column exten- 

s i ona l  displacement 
S teer ing  column kinematics - lower column exten- 

s iona l  v e l o c i t y  
S teer ing  column kinematics - lower hinge angular 

displacement 
S teer ing  column kinematics - 1  ower hinge angular 

v e l o c i  t y  
S teer ing  column kinematics - upper column exten- 

s iona l  displacement 
Steer ing column kinematics - upper column exten- 

s i ona l  v e l o c i t y  



TABLE 3. MVMA 2-D Data Q u a n t i t i e s  A v a i l a b l e  (Page 9 o f  9 ) 

QUANTITY DESCRIPTION CATG. NO. COL. NO. 

S tee r i ng  column k inemat ics  - upper h inge  angu la r  
d isp lacement  3 4 5 

S tee r i ng  column k inemat ics  - upper h inge  angu la r  34 6 
v e l o c i t y  

U n f i  1  t e r e d  a c c e l e r a t i o n s  - ches t  A-P 6  
U n f i  1  t e r e d  a c c e l e r a t i o n s  - ches t  r e s u l  t a n t  6  
U n f i  1  t e r e d  a c c e l e r a t i o n s  - ches t  S - I  6 
U n f i l t e r e d  a c c e l e r a t i o n s  - head A-P 6  
U n f i l t e r e d  acce le ra t i ons  - head r e s u l t a n t  6 
U n f i  1  t e r e d  acce l  e r a t i o n s  - head S- I 6 
U n f i  1  t e r e d  a c c e l e r a t i o n s  - h i p  r e s u l t a n t  6  
U n f i l t e r e d  a c c e l e r a t i o n s  - h i p  x  6 
U n f i l t e r e d  a c c e l e r a t i o n s  - h i p  z  6 
U n f i l t e r e d  s e v e r i t y  index - ches t  S I  A-P 8 
U n f i l t e r e d  s e v e r i t y  index - ches t  S I  r e s u l t a n t  8 
U n f i l t e r e d  s e v e r i t y  index - ches t  S I  S - I  8 
U n f i l t e r e d  s e v e r i t y  index - ches t  m o d i f i e d  S I  A-P 8 
U n f i l t e r e d  s e v e r i t y  index  - ches t  m o d i f i e d  S I  r e s u l t -  

a n t  8 
U n f i l t e r e d  s e v e r i t y  index  - ches t  m o d i f i e d  S I  S - I  8 
U n f i  1  t e r e d  s e v e r i t y  index - head S I A-P 8 
U n f i l t e r e d  s e v e r i t y  index - head S I  r e s u l t a n t  8 
U n f i l t e r e d  s e v e r i t y  index - head $1 S- I 8 
U n f i l t e r e d  s e v e r i t y  index - head m o d i f i e d  S I  A-P 8 
U n f i l t e r e d  s e v e r i t y  index - head m o d i f i e d  S I  r e s u l t -  

a n t  8 
U n f i l t e r e d  s e v e r i t y  index - head m o d i f i e d  $1 S- I  8 
Veh ic le  response - h o r i z o n t a l  a c c e l e r a t i o n  1  
Veh ic le  response - h o r i z o n t a l  d isp lacement  1  
Veh ic le  response - h o r i z o n t a l  t ime  1  
Veh ic le  response - h o r i z o n t a l  v e l o c i t y  1  
Veh ic le  response - p i t c h  a c c e l e r a t i o n  1  
Veh ic le  response - p i t c h  ang le  1  
Veh ic le  response - p i t c h  v e l o c i t y  1  
Veh i c l e  response - v e r t i c a l  a c c e l e r a t i o n  1  
Veh ic le  response - v e r t i c a l  d isp lacement  1  
Veh ic le  response - v e r t i c a l  v e l o c i t y  1  
V i s c o s i t y  component j o i n t  to rque  - elbow 2 6  
V i s c o s i t y  component j o i n t  to rque  - h i p  2 6 
V i s c o s i t y  component j o i n t  to rque  - knee 26 
V i s c o s i t y  component j o i n t  to rque  - lower  neck 26 
V i s c o s i t y  component j o i n t  to rque  - lower  sp i ne  2  6  
V i s c o s i t y  component j o i n t  to rque  - shou lder  a t  a m  26 
V i s c o s i t y  component j o i n t  to rque  - upper neck 26 
V i s c o s i t y  component j o i n t  to rque  - upper sp i ne  2 6 



B e l t  N a m  

A. Advanced Be1 t s  

OUTBOARDbLAPbBLT 

INBOARDbLAPbBELT 

UPPERbTORSObBELT 

LOWERbTORSObBELT 

LOW ERbRI NGbSTRAP 

UPPERbRINGbSTRAP 

TORSObBELTbEXT. b 

B. O l d B e l t s  

bbbbLAPbBELTbbbb 

UPPERbTORSObBELT 

LOWERbTORSObBELT 

TABLE 4 BELT IDENTIFIER NAMES 

Repor t  Be1 t N u h e r  I n t e r n a l  Be1 t Number 

NOTE: Each smal l  l e t t e r  "b"  s i g n i f i e s  a b l a n k  column. The name must be 

s p e c i f i e d  e x a c t l y  as shown t o  be recogn ized.  



2.2.3 Data Phase Recoqni t i o n  _._ (QP) _ . 

The Q u a n t i t y  Phase Command i s  p r o v i d e d  t o  a i d  t h e  u s e r  i n  r ecog -  

n i z i n g  a  phase s h i f t  between two d a t a  s e t s .  The t e c h n i q u e  employed i s  

t o  make r e p e a t e d  c o r r e l a t i o n s  s l i d i n g  t h e  i n t e r v a l  f o r  c o r r e l a t i o n  

a l o n a  t h e  two d a t a  s e t s .  I f  t h e  maximum c o r r e l a t i o n  i s  n e a r  one, t h e  

d a t a  s h o u l d  be f u r t h e r  examined f o r  phase s h i f t .  

The u s e r  i n d i c a t e s  t h e  s t a r t i n g  t i m e s  t o  be used on t h e  two c u r v e s  

b y  s p e c i f y i n s  a  s t a r t  s t a r t i n g  t i m e ,  an i nc remen t ,  and f i n a l  s t a r t i n g  

t i m e  f o r  each cu rve .  A l l  comb ina t i ons  o f  s t a r t i n g  t imes  a r e  c o r r e l a t e d  

and t h e  maximum c o r r e l a t i o n  s e l e c t e d .  

2 .2 .4  C a l i b r a t i o n  R e c o g n i t i o n  (QA)  

The Q u a n t i t y  Amp1 i t u d e  command uses a  t e c h n i q u e  c o m p l e t e l y  equ i va -  

l e n t  t o  t h a t  d i s c u s s e d  i n  S e c t i o n  2.2.3 t o  a i d  i n  r e c o g n i t i o n  o f  a  

c a l i b r a t i o n  p rob lem.  I n  t h i s  case,  t h e  r e p e a t e d  c o r r e l a t i o n s  a r e  o v e r  

f i x e d  s e t  o f  p o i n t s  on t h e  t i m e  and t h e  m u l t i p l y i n g  f a c t o r  i s  v a r i e d .  

Aga in ,  i f  t h e  maximum c o r r e l a t i o n  i s  n e a r  one, t h e  d a t a  s h o u l d  be 

examined f u r t h e r  f o r  c a l i b r a t i o n  oroblems.  

2 .2 .5  F o u r i e r  A n a l y s i s  o f  Data (FC) 

The F o u r i e r  C o e f f i c i e n t s  command i s  p r o v i d e d  t o  a i d  i n  a n a l y z i n g  

t h e  f r equency  c o m p o s i t i o n  o f  an i n t e r v a l  o f  d a t a .  The c u r r e n t  v e r s i o n  

uses a  l e a s t  squares  a l g o r i t h m  t o  app rox ima te  t h e  F o u r i e r  c o e f f i c i e n t s .  

Th is  t e c h n i q u e  assumes t h a t  t h e  s u b s e t  o f  t i m e  p o i n t s  i s  e x a c t l y  

one p e r i o d  and computes harmon ics  based on t h a t .  The u s e r  w i l l  f i n d  i t  

necessary  t o  a p p l y  t h i s  command r e p e a t e d l y  o v e r  r e 1  a t i  v e l y  s m a l l  

i n t e r v a l s  t o  g a i n  an a p p r o x i m a t i o n  t o  t h e  f r equency  h a l f  o f  one l e s s  

t h a n  t h e  number o f  d a t a  p o i n t s .  

2 .2 .6  G e n e r a t i o n  o f  D i g i t a l  F i l t e r s  (FG) 

The Val i d a t i o n  Command Language i n c o r p o r a t e s  an i n t e r a c t i v e  

f i l t e r  d e s i g n  p rogram f r o m  o t h e r  sources  (see  S e c t i o n  3.3.4 f o r  d e t a i l s ) .  

T h i s  p rogram i s  l a r g e l y  s e l f - e x p l a n a t o r y  as f a r  as i n p u t  d a t a  i s  con- 

cerned.  C o n t r o l  i n f o r m a t i o n  i s  expec ted  as an i n t e g e r  f i v e  w ide  

e x c e p t  t h e  response t o  " E n t e r  t h e  number o f  t h e  band w i t h  w e i g h t  = 1" 



which  i s  t o  be an i n t e g e r  two wide. I n t e g e r s  must be r i g h t  ad jus ted .  

Frequency i n f o r m a t i o n  i s  expected w i t h  a  decimal  p o i n t .  The response 

t o  "Freq.  o f  upper edge, r i p p l e  ( g a i n ) "  o r  "Lower edge, r i p p l e  ( g a i n ) "  

a r e  expected as f l o a t i n g  p o i n t  f i f t e e n  wide.  The response t o  "Beg, 

End, P o i n t s ? "  i s  expected as f l o a t i n g  p o i n t  t e n  wide.  

The b a s i c  t echn ique  i s  t o  d e s c r i b e  t h e  f i l t e r  by  d e s c r i b i n g  i t s  

f requency response i n  terms o f  up t o  t e n  bands w i t h  s t a t e d  f requency 

beg inn ings ,  f requency endings,  and ga ins  g i v e n  i n  d e c i b e l s .  The 

f requency i n t e r v a l  between t h e  end ing o f  one band and t h e  beg inn ing  

o f  t h e  n e x t  one i s  where t h e  t r a n s i t i o n  f rom one c o n s t a n t  l e v e l  takes  

p l a c e .  

I n  t h e  case o f  a  low pass f i l t e r ,  t h e  r e l a t i o n s h i p  between t h e  pass- 

band r i p p l e ,  t h e  stopband g a i n ,  t h e  f i l t e r  l e n g t h ,  and t h e  t r a n s i t i o n  

w i d t h  has been i n v e s t i g a t e d  and t h e  e m p i r i c a l  r e s u l t s  o f  t h a t  i n v e s t i g a -  

t i o n  have been developed i n t o  a  s e t  o f  f i l t e r  des ign  t a b l e s .  Four 

o f  these t a b l e s  have been i n c l u d e d  as Table 5 o f  t h i s  r e p o r t .  The 

t a b l e s  a r e  used as f o l l o w s ,  g i v e n  a  passband r i p p l e  and a  stopband 

g a i n  de termine t h e  minimum t r a n s i t i o n  w i d t h  and/or  t h e  minimum s i z e  

f i l t e r  f rom t h e  a p p r o p r i a t e  column o f  t h e  t a b l e .  The t r a n s i t i o n  

w i d t h s  a r e  normal ized and may be a p p l i e d  t o  a  g i v e n  sampl ing r a t e  

by m u l t i p l y i n g  the  t r a n s i t i o n  w i d t h  t imes t h e  sampl ing  r a t e  and 

d i v i d i n g  by a  thousand t o  o b t a i n  t h e  t r a n s i t i o n  w i d t h  f o r  t h a t  sampl ing  

r a t e .  

2 . 2 . 7  F i l t e r i n g  o f  Data (FD) - 

F i l t e r i n g  o f  da ta  i s  achieved by a  techn ique  o f  f i l t e r i n g  t w i c e ,  

once fo rward  and once backward. Th i s  i s  done t o  l eave  t h e  

f i l t e r e d  da ta  unbiased.  The Table 5 compensates f o r  t h i s  two s t e p  

f i l t e r i n g  i n  i t s  combined r i p p l e s  and ga ins .  

F i l t e r i n g  can be c a r r i e d  o u t  by use o f  f i l t e r s  c r e a t e d  by t h e  

command FG o r  by use o f  one o f  twenty  p r e d e f i n e d  f i l t e r s .  The 

p rede f i ned  f i l t e r s  a r e  l i s t e d  i n  Table 6. The normal ized f requenc ies  
a r e  a p p l i e d  t o  a  s p e c i f i c  case by m u l t i p l y i n g  by t h e  sampl ing  r a t e .  
The l a s t  two p r e d e f i n e d  f i  1 t e r s  a r e  used t o  escape add ing a1 i a s  t o  

d a t a  t h a t  i s  go ing  t o  be taken eve ry  o t h e r  p o i n t  o r  eve ry  f o u r t h  p o i n t  

i n  f o rm ing  a  new data  s e t .  Note t h a t  t h e  p r e d e f i n e d  f i l t e r s  can be used 

o n l y  w i t h  da ta  s e t s  o f  a t  l e a s t  150 p o i n t s .  



TABLE 5.  F I L T E R  DESIGN TABLES (1  o f  4 )  

A P P R O X I M A T E  LON-PASS 
F I L T E R  D E S I G N  TABL.ES 

P A S S R A N D  Z f i R I P P L E l  B,dlQI0 DB 
S T O P B A N O  2 I G A I N :  - 4 f l  T O  *1Z0 Of3 

T R A !J S I T I O N W I D T H t  I n B f l * ( F S = F P )  
F L T E R  l ~ m L 1 1 1 - . ~ m w ~ ~ l ~ ~ w ~ w 1 1 1 I I ~ I ~ ~ . . m ~ * 1 1 1 ~ ~ w ~ ~ w ~ ~ ~ ~ ~ l w ~  

LEhlTH - 4 P  -St7 - 6 0  -78  m 8 Q  - 9 f l  -1Glfl *1;2C1 
N - 0 -  

--I 
I-- 
1-11 

--.. --- --I 
--.. 3 --' "-9 

I-* 
-0.. 

-0.. 
0 - -  --- --- 

9 qm 210, 2 2 3 ,  237, 248, 259, 271, 2 8 2 "  381,  
1  1 8  192, 203 ,  214, 2 2 5 ,  235 ,  246, 265, 
13  .l- 157, 167,  177, 187, 197, 207, 216, 235, 
1 1 3 8 ,  148, 157, 166, 175,  184, 193, 
1 7 - 1  123, 132,  l d Q ,  149, 157, 165,  173, 189, 
1 111, 119, 127, 135,  142, 15flw 157, 172, 
2 1 -  l e i ,  1 ,  116, 1 2 3 ,  3 ,  137, 144, 158, 
23 I.- 9 3 ,  9 9 ,  f g h ,  1 1 3  1 126, 132, 145, 
25 -- 85, 928 9 8 ,  1 1 1161 122, 134, 
27 -- 79, 85,  91, 9 7 ,  l D 2 1  l @ R c  1 1 4  124 ,  
2 9  -* 74, 7 9 ,  6 5 ,  9fl, 968 181, l 0 h a  117, 
31  w *  69, 74, 7 9 ,  84, 98, 95,  I @ P B  110,  
3 3  -- 6 5 ,  70, 75,  79, eu, 87 ,  94, 103, 
35 1.- 61, 6h r  70,  75, 8A, 84, 89, 98, 
37  -* 5 8 ,  6 i ' ,  6 7 ,  71'  74, 80 ,  841  9 2 ,  
39 -* 55, 59, 5 3 ,  67, 72, 76, 8fl, B e ,  
41 v *  52, 568 6 0 ,  64, 69, 72, 7 6 ,  84, 
43 -1 S B ,  541 57, 61,  658 6 9 ,  - 7 2 ,  R f l r  
45 -* 48. 51, 5 5 ,  58, 62, 66, 6 9 ,  76,  
47 I.- '46, 49, 5 3 ,  5 6 ,  59, 6 3 ,  66, 73, 
49 44, 47, 5fl, 5 0 ,  57 ,  6UB 64, 7P ,  
5 1  D m  42, 45, 48, 52, 55, 58, 61, 67, 
5 3  a- an, 44, 47, 5 8 .  $ 3 8  56, 59, 65, 
55  I- 3 9 ,  42, 45, 48, 51, 5 U ,  57, 6 3 ,  
5 7  a m  38,  4fle 4 3 ,  46, 49, 52, 5 5 ,  b f l ,  
59 I.., 3 6 ,  39, 42, 45, 47, 5 5 3 ,  55, 
61 -- 35, 3 0 ,  40, 43, 46, 48, 5 1 ,  5 6 ,  
6 3  34,  37, 39, 2 44,  47, 5 8 ,  55( 
65  -1. 3 3 ,  35,  38, 4 0 ,  4 3 ,  45, 48, 53, 
b7 0 -  3 2 ,  34, 37, 394 42, 44, 4 7 ,  51, 
69  1- 31. 33, 36, 38, UB,  43B 45, 'jn, 
73 w r  2 9 ,  32B 34, 36, 3 8 ,  40, 4 3 ,  47, 
7 7  1- 28, 3 a ,  3 2 ,  34, 36, 38,  41,  45, 
R1 -- 26, 28, 3 g ,  3 2 ,  3 4 ,  36, 39 ,  43, 
AS - 9  2 5 ,  2 7 ,  29, 31, 3 3 ,  35, 37, & l a  
89 1.. 24, 26,  28, 30, 3 1 .  33 ,  35, 3 9 ,  

F L T E R  
LENTH 

N 
t:: - 9 

1 1  
Cb 13 -- 15 
*- I f  -- 19 -- 21 
m a  23  
~9 25 
L*  27 -- 29 
-* 3 1  
w m  33  

35 -- 37 -- 39 
-* 41 
=*  4 3  

45 -- 4 7  
*- 49 

5 1  
5 3  -- 55 

*- 57 
-a 59 

6 1  -- 63  
*- 6 5  
-* 67 
- 9  6 9  
* 73  -- 7 7  

8 1  
- m  85 
-n  8 9  - 93 
-a 97 

1 0 1  -- 1flS 
-r 1 0 9  
-*  113 
** 117 -- 121  

125 



TABLE 5. FILTER DESIGN TABLES (2 o f  4) 

A P P R O X I M A T E  L O N - P A S S  P A S S U A N D  2*RIPPLE; 0,850f l  O R  
F I L T E R  D E S I G N  T A B L E S  STOPBAND Z*G4IN; m U B  T O  e l 2 0  OR 

FLTER 
L E N T H  

N 
tt3 -- 9 

*- 1 1  
*- 13 
=. 15 -- 1 7  
*- 19 -- 2 1  
m e  23 
*- 2 5  
uu 2 1  

2 9  -- 31  
-* 3 3  
m- 3 5  -- 3 7  
*- 39 
L- 41 - 4 3  
m a  45 
s r  U Y  -- 49 
w -  

(D- 

5 1 
5 3  -- 55 -- 57 ' 

*- 59 
-*  6 1  
-*  6 3  
m q  6s 
c w  6 7  -- 69 
*- 7 3  

77 
81  

*- 85 
=- 89 
r *  93 - 97 
p a  101 
*- 185 
-= I09 
q.1 113 

117 
*- 121  
-* 125 



T A B L E  5 .  F I L T E R  D E S I G N  T A B L E S  ( 3  o f  4 )  

A P P R O X I M A T E  L O H - P A S S  
F I L T E R  D E S I G N  T A B L E S  

P A S S B A N D  ? * R I P P L E I  f l , l f lU@ 08 
STOPHAND ?*GAIN$ - 4 0  T O  - 1 2 8  DH 

T R A N S I T  I 0  N W S O  T H ~ . l B @ ~ * C F S ~ F P )  
FLTER C - - - * - o - n - - - - - - m m m - m w m m m m o - ~ c - m o m - m - ~ - m - - m - m -  FLT ER 
LENTH -4P *58 - 6 0  - 7 0  -8Q -9b3 - 1 ~ 0  -12m 

.L - ..-- LENTH 
N --- --- --- --- --- w - *  --- --- - 9 -  I I W  === =:a N 
-I- -..- t::: 

9 -- 1 5 h ,  169, 161, 194, 2@6, 217, 229, 258, *- 9 
1 1  -n 132, 143, 155, 166, 177, 187, 198, 218, *- I 1  
13  -- I f u ,  1 3 4  144, 154, 164, 7 191, r-  13  
5 fen ,  1 ~ 9 ,  118, 127, 136, 14% 153, 170, w q  1s 
17 D m  890 9 7 "  105, 1 122, 1 3  137, 153, 17 
19 I- 80 ,  87, 95, 182, 118, 117, 124, 139, r- 19 
2 1  u m  I ? ,  79, 86, 9 3 ,  1 107, 113, 127, ** 2 1  
23 -* 6b, 72, 7 9 ,  8 5 ,  92, 9R, 1 i l h r  23 
25 -1 61, 67, 7 3 ,  79, 8 5 ,  9 B 8  96, 10R, 25 
27  -- s h ,  62, 6 7 ,  73, 7a.  84, 89, 100, 2 7  
29 -- 52, 58, 6 3 ,  68, 73,  78 ,  8 3 ,  9 3 ,  *- 2 9  
3 1  c m  49, 54, 5 9 ,  64, 69, 7 3 ,  78 ,  88, ** 3 1  
33 -- 461  51, 5 5 ,  bfl, 64, 69, 73, 8 2 ,  -1 33 
35  w -  4 3 ,  4 8 1  52, 5 6 ,  61 ,  6 5 ,  69, 7 8 ,  *- 35 
37 -a 4 1 9  45, 49, 53, 58, 6 2 ,  66, 74, r- 37 
39 =I 39, 43, 47, 51, 5 5 1  58, 62, 78, 1- 39 
4 1  qm 3 7 ,  41, 45, 48, 5 2 ,  56, 59, 67, w *  41 
43 -- 35, 39, 4 2 ,  46, 5g, 53, 5 7 ,  64, 4 3  
45 o w  . 34, 37, 41, 440 47, 51, 54, 61, q.1 45 
4 7  I- 32, 3 b ,  39 ,  42, 45, 49, 5 ,  58, w a  47 
49 -1 31, 3 4 1  371 4P, 43, 47, 5@, 56, 49 
5 1  *- 30 ,  331 36, 39, 42, 45, 48, 54, *- 5 1  
53 *- 29, 321  3 4 ,  3 7 ,  40, 43, 46, 52, U r n  53 
55 mm 2 8 ,  38, 33, 3 6 ,  3 9 ,  41, 44 ,  ~ E I ,  1- 5 5  
57  .lm 27, 2 9 ,  3 2 ,  35, 37, 48, 43, 48, - 9  57 
59 -- 26, 2R, 31, 3 3 ,  3 6 ,  39, 1 46, I- 59 
6 1  mm 25, 2 7 ,  3fl, 32 ,  35, 3 7 ,  U @ ,  05, 1- 6 1  
b 3  I- 20, 26 ,  29, 31, 3 4 ,  3 b ,  39, 4 3 ,  o m  6 3  
65 m w  23, 2 6 ,  28, 3f l r  3 3 ,  3 5 ,  3 7 ,  42, a =  65 
67 -- 23, 25, 27, 2 9 ,  32 ,  3 4 ,  36, 41, 1- 67 
69 -0 22, 24, 26, 2 9 ,  3 1 ,  3 3 ,  3 5 ,  40, * 69  
73  -1. 21, 2 3 ,  2 5 ,  27, 29, 31, 33, 37, 2- 7 3  
77 a* Z P ,  2 2 ,  4 2 6 ,  Z B ,  3 8 ,  32, 36, - 7 7  
8 1  *- 19, 21, 22, 2 4 ,  2 6 ,  28 ,  3 B ,  3 n t  8 1  
8 5  -- 18, 29. 21, 2 3 ,  25. 27, 2 9 ,  3 2 ,  -- 8 5  
89 -1. 17, 19, 20,  22, 2 ,  2 6 ,  2 7 ,  31, m u  89 
9 3  m.1 16,  16, Zfln 1 23, 24, 26, 2 9 ,  9 3  
97  -- 16, 17, 19, 2 0 ,  2 2 ,  Z f t  25, 28, 97 

I n 1  *I 15, 16, 18, 2 0 ,  21, 23, 2 4 ,  27, -- 1 0 1  
l @ 5  -- 14, 16, 17, 19, 20, 2 23, 26, -- 105 
109 -- 14, 151 I f ,  18, 19, 2 1  2 2 ,  2 5 ,  - - I 8 9  
113  w m  13, 15, 16, 17, 19, 20, 1 24, - 1 1 1 3  
117 -- 13, 14, 16, 17, 18, 19, 1 2 3 ,  c - 1 1 7  
121  m w  121 14, 15, 16, 18, 19, 2fl, 23, m m  121  
125 1- 12, 13, 15, 16, 17, 18, 19,  22 ,  * - 1 2 5  



T A B L E  5. FILTER D E S I G N  T A B L E S  ( 4  o f  4 )  

T A R L E ~  7-13 

A P P R D Y I M A T E  L O ~ - P A S S  
F I L T E R  D E S I G t l  T A R C L S  

T R A N . S - I T I 0 N W I 0 T HI l D @ R * ( F S - F P )  
F L T E R  w r - ~ ~ m ~ ~ r ~ ~ ~ r ~ ~ r r ~ r m w ~ ~ m . ~ ~ ~ ~ ) m ~ ~ w ~ ~ m ~ ~ m r m ~ m m ~ m ~  

LErJTH -40 - 5 g  - 6 0  -7 f l  -8fl  9 -100  -1Zm 
N --- -0- -0- = = =  0-.. 00- I I -0 - - -  -0- .. - - 00- -0.. --- -00 

I - I 
-0- 
I-- 

9 - 9  114, 127 ,  1 153, 165, 176, 188,  2fP. 
1 1  -- 94, 197, 118, 129, 1 4 n e  151r  1 6  181, 
13 - -  82, 92, 1 112, 1 ,  131, 140, 158, 
15 -a 71, 80, 89, 98, 1M7e 115, 129, 1 4 8 ,  
17 1.- 63, 71, 7 9 ,  87, 95, 103, 111, 126, 
19 =I 56, 60, 7 1 ,  78, 96, 9 3 ,  1 1 1 4 e  
2 1  v w  51, 5 8 ,  65, 71, 78, 84, 91, 103, 
23  -- 47, 53, 59, 6 5 ,  71, 778 83, 95, 
25 ..I 43, 49, 54, 60, 6 6 ,  71, 77, 8 8 ,  
27 -- 4fle U s #  Sf l ,  56, 61, 66, 7 1 ,  81 ,  
2 9  .c- 3 7 ,  42, 474 52, 578 621 66, 76, 
3 1  -- 3 5 ,  39, 44, 48, 5 3 ,  S R *  h 2 ,  71, 
33 -I 3 2 ,  37, 41, 46, S B ,  54, 5 8 ,  678 
35  o m  31, 3 5 t  3 9 ,  43, 47, 51, 55, 6 3 ,  
37 m m  29, 3 3 ,  3 7 ,  41, 44, 48, 52, 6fl, 
39 -* 27, 318 35, 3 9 ,  42, 46, S B ,  57, 
4 1  -1 2 6 ,  30,  338 37, Y e ,  4U,  47, 54, 
43 -* 25, 2 f l I  32, 35, 38, Y?,  45, 52, 
45 -a 2 2 7 ,  3 8 ,  33, 37,  48, 43, 49, 
47 -a  23, ? 6 r  29, 3 2 ,  3 5 ,  381 41, 4 7 4  
49 -*I 2 25, 28, 31 ,  34, 368 3 9 ,  45, 
5 1  m.1 21, 2u, 27, 29, 32, 35 ,  3 f l t  43,  
5 3  =I. 2 8 ,  2 5 ,  26, 2 8 ,  31, 34, 36, 42, 
55 m m  19, 2 2 ,  25, 27, 3 0 *  32, 3 5 ,  40, 
57  r w  19, 21, 24, 2 6 ,  29, 31, 34, 39, 
5 9  a- 18, 21, 23,  25, 28, 3 @ ,  3 3 ,  3 8 ,  
h l  e m  17, 26, 22, 25 ,  27, 2 9 ,  32, 36, 
63  -- 17, 19s 21, 24, 26, 28, 31, 35, 
65 -- 16, 19, 21, 3 2 5 ,  271 30, 34, 
67  m" 16, 18, 20, 22, 24, 278 2 9 ,  3 3 ,  
6 9  c-  15, 18, 2fl, 2?, 24, 26, 28, 32, 
7 3  -- 15, 17s 19, 20, 22, 24, 26, 3 3 ,  
77 1 16, 18, 19, 2 1  231 2 5 ,  2 9 ,  
8 1  -- 13, 15, 17, 18, 2 22, 24, 27, 
8 5  -- 121 14, 1br  1 19, 1 23, 26, 
89 a -  12, 14, 15, 17, 18, 2 22, 25, 
93 -- 11s 13, 15, 16, 1A, 19, 21, 24, 
97  a- 11, 1 2 1  14, 15, 17, 18, 264, 2 3 ,  

1 0 1  -*I 10, 12, 13, 15, 16, 18, 19, 22, 
l @ S  -- 10, 11, 13, 14, 16, 1 7 ,  18, 218 
l f l 9  L -  1 1 1 0  121 14, 15, 16, 18, 20, 
113 -- 9 ,  118 12, 13,  10, 16, 1 7 ,  ZP, 
117 -* 9, 1 15, 14, 15, 16, 19, 
1 2 1  9 ,  10, 11, 12, 14, 15, 16,  18, 
125 Fm 8, 10, 11, 12, 13, 14, 15,  1R, 

33 

FLTER 
LEFJTH 

N 
:r= - 9 

*- 11  
-* 13 -- 15 

1 7  
19 

*- 2 1  
** 23 
a- 25 
** 27 - 2 9  
*- 3 1  -- 3 3  
m m  35 -- 37 
1;- 39 
I n  4 1 
-a 4 3  - 45 
L I  4 7 -- 49 
11- 5 1  
m- 53  -- 5s  
-= 5 7  
F* 59  



TABLE 6. PREDEFINED FILTERS 

F i l t e r  No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16  

17 

18  

19  

2 0 

F i  1 t e r  Name 

LP050000 

LP056123 

LP062996 

LP070711 

LP079370 

LP089090 

LP100000 

LP112246 

LP125992 

LP141421 

LP158740 

LP178180 

LP200000 

LP224492 

LP251984 

LP282843 

LP317480 

LP356359 

LP090000 

LP180000 

Normal i zed Upper 
Passband Frequency 

Normal i zed Lower 
Stopband Frequency 

. 1  

. l o 8 7 5  

,1175 

,12875 

.14  

,1525 

. I 6 6 2 5  

,181 25 

.1975 

- 2 1  625 

.23625 

.25875 

,2825 

.31 

.34 

.37375 

.41125 

,4525 

. I 2 5  ANTI-ALIAS 1 :4 

2 5  ANTI-ALIAS 1 : 2  



2.2.8 Constants Produced and A u t o m a t i c a l l y  Named by C M  - 

Var ious Commands o f  t h e  V a l i d a t i o n  Command Language produce v a r i o u s  

d i s c r e t e  q u a n t i t i e s  from t i m e - v a r y i n g  q u a n t i t i e s .  These d i s c r e t e  

q u a n t i t i e s  a r e  c a l l e d  cons tan ts  and s t o r e d  w i t h  i d e n t i f y i n g  names 

i n  a  s i m i l a r  manner t o  t i m e - v a r y i n g  q u a n t i t i e s  which a r e  c a l l e d  

v a r i a b l e s .  I f  more than  one c o n s t a n t  i s  produced by a  command, t h e  

command 1  anguage automat i  c a l  l y  generates and p r i n t s  o u t  names f o r  

t h e  cons tan ts .  

The g e n e r a t i o n  o f  names i s  c a r r i e d  o u t  by t r u n c a t i n g  t h e  Dataname 

t o  s i x  cha rac te rs  if i t  i s  l o n g e r  than  t h a t  and s u f f i x i n g  a  f i x e d  

two c h a r a c t e r  code. Tab le  7 c o n t a i n s  t h e  two c h a r a c t e r  codes and 

a  d e s c r i p t i o n  o f  t h e  codes f o r  t h e  v a r i o u s  commands which c r e a t e  

names. 

O f  t h e  e i g h t  cons tan ts  produced by  t h e  CM command, t h e  conf idence 

i n t e r v a l  deserves comment. When t h e  con f idence  i n t e r v a l  i s  smal l  

w i t h  r e s p e c t  t o  t h e  mean and va r iance ,  t h e  i m p l i c a t i o n  i s  t h a t  t h e  

d a t a  s e t  i s  n o r m a l l y  d i s t r i b u t e d .  

2.2.9 Four Spec ia l  I n d i c e s  (CH, CS, CG, and TM) 

HIC, S e v e r i t y  Index,  M o d i f i e d  S e v e r i t y  Index,  and t h e  Three 

M i  11 isecond Average shou ld  normal l y  be app l  i e d  o n l y  t o  head acce le ra -  

t i o n s  a1 though some o f  these i n d i c e s  a r e  a p p l i e d  t o  c h e s t  acce le ra -  

t i o n s .  The computat ion o f  t h e  f o u r  i n d i c e s  i s  d iscussed i n  Sec t i on  

3.3.3.  

The names produced by TM a r e  presented i n  Tab le  7 .  

2.2.10 Constants f o r  Com~ute  Freauencv (CFI 

The Compute Frequency command i s  ve ry  s i m i l a r  t o  t h e  F o u r i e r  Co- 

e f f i c i e n t s  command except  CF produces o n l y  two cons tan ts  which r e p r e s e n t  

t h e  maximum c o e f f i c i e n t  and i t s  cor respond ing f requency.  T h i s  com- 

mand w i l l  a i d  i n  m a n i p u l a t i n g  any dominate c o e f f i c i e n t s .  The names 

o f  t h e  two cons tan ts  can be c o n s t r u c t e d  u s i n g  Table 7 .  

2.2.11 Constants f o r  P o i n t w i s e  Means (PM)  

The P o i n t w i s e  Means command i s  i n c l u d e d  t o  a i d e  i n  t h e  r e d u c t i o n  

o f  d a t a  from r e p l i c a t i o n s  o r  o b t a i n i n g  averages o f  k inemat i cs  ove r  



TABLE 7. TWO CHARACTER SUFFIX NAME CODES 

Command S u f f i x  Name Code Constant D e s c r i p t i o n  

Maximum C o e f f i c i e n t  

Frequency f o r  maximum c o e f f i c i e n t  

Maximum 

Confidence I n t e r v a l  

Med i an 

Mean 

Minimum 

Number o f  p o i n t s  minus one 

Flode 

Variance 

PM AX Maxi mum 

EN Mean 

I N  Minimum 

V R Var i  ance 

TM A V Three m i  11 i second average 

I T  Leading t i m e  o f  i n t e r v a l  

P K Peak va lue 



body p a r t s .  Four constants  a re  produced as w e l l  as t h e  mean curve and 

these a l l  r e f e r  t o  t h e  mean curve The names o f  t he  constants  can be 

cons t ruc ted  us i ng  Table  7 .  

2.2.12 Regression F i t t i n g  (RF) 

The Regression F i t t i n g  command w i  11 compute c o e f f i c i e n t s  f o r  more 

than one degree po lynomia l .  Goodness-of - f i t  s t a t i s t i c s ,  a  covar iance 

m a t r i x ,  o r  a  r eg ress i on  a n a l y s i s  on the  c o e f f i c i e n t s  i s  n o t  p rov ided  

a t  t h i s  t ime.  However, t h e  "goodness-of - f i  t "  can be examined by manual ly  

comparing t h e  p r i n t e d  va lues o f  t h e  computed po lynomia ls  w i t h  t h e  i n p u t  

values and accep t ing  o r  r e j e c t i n g  va r i ous  f i t t e d  po lynomia ls  on t he  bas i s  

o f  t h e  apparent r es i dua l s .  A t  t h i s  t ime, n e i t h e r  t he  c o e f f i c i e n t  no r  

t h e  computed va lues o f  t h e  f i t t e d  po lynomia ls  a re  saved f o r  l a t e r  use. 

2.2.13 Formula I n t e r p r e t e r  ( F I )  

The F I  command c o n s i s t s  o f  a  Name f o r  t h e  new cons tan t  o r  da ta  se t *  

t o  be created,  t h r e e  i n p u t  parameters ( s t a r t  t ime,  t ime  increment,  and 

f i n a l  t ime ) ,  and a formula which i s  t o  be computed. The s t a r t  t ime,  t ime  

increment,and f i n a l  t ime  descr ibe  bo th  t he  data s e t  t o  be produced and 

t h e  subset o f  t ime p o i n t s  which must be p resen t  i n  any non-constant da ta  

s e t  named i n  t he  formula.  I f  t h e  S t a r t  t ime equals t he  F i n a l  t ime,  

a  cons tan t  i s  c rea ted  and any non-constant da ta  s e t  named i s  eva lua ted  

f o r  t h i s  t ime. The formula must s t a r t  i n  column one o f  t he  f i r s t  l i n e  

a f t e r  t he  parameter s p e c i f i c a t i o n s  end. The formula must be conta ined 

on n o t  more than t e n  consecut ive e i g h t y  cha rac te r  1  ines .  The formula 

c o n s i s t s  o f  a  s t r i n g  o f  subterms j o i n e d  by b i n a r y  opera to rs  (see Table 9) 

and ends w i t h  an "$E" . Each subterm c o n s i s t s  o f  zero,  one o r  two unary  

opera to rs  (see Table  8) f o l l owed  by t h e  name o f  t h e  constant ,  t h e  name o f  

a  da ta  se t ,  o r  a  numeric q u a n t i t y .  

Each unary ope ra to r  a p p l i e s  t o  t he  p o r t i o n  o f  t h e  subterm which 

f o l l o w s  i t .  Table 8 de f i nes  t he  f i v e  unary opera to rs .  

* "Constant"  i m p l i e s  a  t ime- independent q u a n t i t y  o r  one t ime p o i n t .  
"Data s e t "  i m p l i e s  a  time-dependent q u a n t i t y  s p e c i f i e d  a t  l e a s t  a t  
two t ime p o i n t s .  



TABLE 8. UNARY OPERATORS 

Opera t o r  Funct ion Comen t s  

$A Take absolute va lue No r e s t r i c t i o n s  

$C Take cos ine o f  va lue Value assumed i n  degrees 

$ M Change s i g n  o f  va lue No res  tri c t i  ons 

$Q Take square r o o t  o f  abso- No r e s t r i c t i o n s  
l u t e  va lue 

$ S Take s i ne  o f  va lue Value assumed i n  degrees 

I f  the  l a s t  unary opera to r  o f  a  subterm i s  fo l lowed by a  s ign,  

a  number o r  a  decimal p o i n t ,  a  numerical  q u a n t i t y  i s  expected and i s  

o f  t he  form (S)(N ... N ) ( . )  ( N  ... N), where "S" i s  "+" o r  "-" . "N" i s  a  decimal 

d i g i t ,  and " . "  i s  a  decimal p o i n t .  " (  ) ' I  i n d i c a t e s  t h a t  what i s  enclosed 

i s  op t i ona l  bu t  must n o t  be inc luded  i n  the  s p e c i f i c a t i o n .  I f  a  
l e t t e r  f o l l o w s  i n  t h i s  s i t u a t i o n ,  a  name o f  a  cons tan t  o r  a  data s e t  

i s  expected. 

Table 9 de f ines  t he  f i v e  b i na ry  opera to rs .  

TABLE 9. BINARY OPERATORS 

Opera t o r  Func t i on 

Addi ti on No r e s t r i c t i o n  

Sub t rac t i on  No r e s t r i c t i o n  

Mu1 t i p 1  i c a t i o n  No r e s t r i c t i o n  

D i v i s i o n  Subterm f o l l o w i n g  must be non- 
zero 

Exponent i a t  i on Previous p o r t i o n  o f  term may 
need t o  be no ne a t 1  ve f o r  
some values o?-exjonent 

- - - - -- 

A l l  e va lua t i on  o f  b i n a r y  opera to rs  i s  from l e f t  t o  r i g h t .  I f  the  b i n a r y  

opera to r  i s  a d d i t i o n  o r  s u b t r a c t i o n  i t  marks t he  beginn ing o f  a  new term. 

The o the r  t h ree  operators  always connect t he  p a r t  o f  the  c u r r e n t  term 

before the  opera to r  w i t h  the  subterm which immediately f o l l o w s  t he  opera to r  



t o  c o n t i n u e  b u i l  d i n g  t h e  c u r r e n t  term. E v a l u a t i o n  o f  b i n a r y  o p e r a t o r s  

i s  f rom r i g h t  t o  l e f t  w i t h  each subterm. The F I  command may be used as 

many t imes  as d e s i r e d  t o  b u i l d  up a  complex computa t ion .  

For  example, c o n s i d e r  t h e  f o r n u l a  ar = J a i  + a' t o  be e v a l u a t e d  
Y  

eve ry  t e n  msec. o v e r  a  200 msec r u n .  Assume t h a t  t h e  ax va lues  a r e  i n  

da ta  s e t  AX s t o r e d  eve ry  msec and a  va lues  a r e  i n  da ta  s e t  AY s t o r e d  
Y  

eve ry  f i v e  msec. The f o l l o w i n g  two F I  commands a r e  r e q u i r e d :  

F I  ARSQ. 

0,10,200* 

AX*AX+AY *AY $E 

F I  AR. 

0,10,200* 

$QARSQ$E 

The r e s u l t a n t  i s  s t o r e d  i n  da ta  s e t  AR and ARSO c o n t a i n s  t h e  sum o f  squares.  

2.2.14 P l o t s  (SP, PQ, PC, PP) 

The f o u r  p l o t  commands a r e  used and reused t o  produce p r i n t e r  p l ~ t s  

o f  f o u r  b a s i c  k i n d s .  The POLAR p l o t  shows r a t i o s  of cons tan ts  w i t h  

r e s p e c t  t o  t h e  u n i t  c i r c l e  and two 1  in i i  t i n g  c i r c l e s .  Up t o  26 p a i r s  

o f  q u a n t i t i e s  as a r e  d e s i r e d  may be presented on one p l o t .  

The CART p l o t  reproduces one o r  more q u a n t i t i e s  versus t i m e  

on a  r e c t a n g u l a r  g r i d .  The DEV p l o t  i s  t h e  d i f f e r e n c e  o f  two curves  

shown around ze ro .  The phase p l o t  i s  two r e l a t e d  v a r i a b l e s  p l o t t e d  

as a  f u n c t i o n  o f  each o t h e r  f o r  a l l  t h e  t i m e  p o i n t s  p r e s e n t  i n  t h e  

t i m e  subset .  



2.3 D e s c r i p t i o n  O f  Command Language Output  

The Command Language produces fou r  l e v e l s  o f  o u t p u t ,  Output  

d i r e c t e d  t o  t h e  i n t e r a c t i v e  u s e r  wh ich  may be r e d i r e c t e d  t o  a  b a t c h  

p r i n t e r  i n  a  b a t c h  environment.  Output  d i r e c t e d  t o  a  ba tch  p r i n t e r  

even when i n t e r a c t i v e  communication i s  go ing  on. D iagnos t i cs  

d i r e c t e d  t o  t h e  i n t e r a c t i v e  use r  when e r r o r  c o n d i t i o n s  occu r .  

A u x i l i a r y  o u t p u t  d i r e c t e d  t o  t h e  i n t e r a c t i v e  user  a t  h i s  r e q u e s t  

t o  supplement t h e  normal i n t e r a c t i v e  p r i n t o u t .  The n e x t  t h r e e  sec- 

t i o n s  d e s c r i b e  these f o u r  c a t e g o r i e s  o f  o u t p u t  b r i e f l y .  

2.3.1 I n t e r a c t i v e  Output  and Batch Output  

I n t e r a c t i v e  o u t p u t  c o n s i s t s  o f  i tems which  a r e  u s e f u l  t o  see 

d u r i n g  an i n t e r a c t i v e  sess ion.  These i tems i n c l u d e  assigned names, 

v e r i f i c a t i o n s  t h a t  what was supposed t o  happen d i d  happen, and 

reminders o f  t h e  va lues o f  c e r t a i n  q u a n t i t i e s .  The Batch Output  

c o n s i s t s  o f  i tems which  t h e  use r  w i l l  want t o  see b u t  n o t  d u r i n g  

t h e  i n t e r a c t i v e  sess ion.  These i tems i n c l u d e  t h e  complete p r i n t o u t  

o f  t h e  r e g r e s s i o n  f i t t i n g  program and t h e  p r i n t  p l o t s .  

2.3.2 D iagnos t i cs  

Table10 1  i s t s  t h e  d i a g n o s t i c s  p r i n t e d  by t h e  Command Language, t h e  

r o u t i n e  wh ich  i s  i n v o l v e d  i n  case debugging i s  necessary,  t h e  

meaning o f  t h e  d i a g n o s t i c ,  and use r  a c t i o n  which i s  i n d i c a t e d .  

Tab le1 0 does n o t  i n c l u d e  d i a g n o s t i c s  f rom t h e  f i l t e r  des ign  package. 

2.3.3 A u x i l i a r y  Output  

The A u x i l i a r y  Output  i s  a l l  i n t e r a c t i v e  and c o u l d  be desc r ibed  

as more o f  t h e  same w i t h  r e f e r e n c e  t o  t h e  I n t e r a c t i v e  Output .  

The A u x i l i a r y  Output  e s s e n t i a l l y  makes most commands a c t  l i k e  

Assessment D i v i s i o n  Commands. Much o f  t h e  i n f o r m a t i o n  each command 

computes i s  p r i n t e d  o u t .  







2.4 Sample I n p u t  and Outpu t  

Four example runs  a r e  p resented  i n  t h i s  s e c t i o n .  A l l  f o u r  runs  a r e  

a r t i f i c i a l  f o r  t h e  purpose o f  demons t ra t i ng  most  o f  t h e  commands o f  t h e  

Command Language. 

The f i r s t  r u n  i s  s e t  up w i t h :  1. t h e  i n p u t  s t o r e d  i n  a  da ta  f i l e  

(see  Tab le  12 ) ,  2 .  t h e  t e s t  d a t a  f i l e  wh ich  was read,  s e t  up i n  an i n p u t  

f i l e  (see Ta e  11 ) ;  3 .  I n t e r a c t i v e  and A u x i l i a r y  Output  coming o u t  o v e r  

t h e  t e l e t y p e  (see Tab le  13 pp. 1 -4 ) ,  and 4. t h e  p r i n t e r  p l o t s  coming 
o u t  t o  t h e  b a t c h  p r i n t e r  (see Tab le  13 pp. 5 -14) .  The i n p u t  q u a n t i t i e s  

a r e  f rom two e x e r c i s e s  o f  t h e  MVMA 2-D model (Run A  and Run B )  and a  com- 
p l e t e l y  a r t i f i c i a l  saw t o o t h  wave p resen ted  as t e s t  da ta .  T h i s  da ta  i s  

r u n  t h rough  a  s e l e c t i o n  o f  commands more o r  l e s s  i n  t h e  o r d e r  p resented  

i n  Tab le  1 .  The o u t p u t  i s  l a r g e l y  s e l f - e x p l a n a t o r y  -- t h e  u s e r  i s  u rged 

t o  .foil ow i t  th rough .  

Tab le  14 page 1  i s  t h e  command da ta  s e t  f o r  t h e  

second example. T h i s  example d e f i n e s  two da ta  s e t s  HEADA and HEADB 

which a r e  t h e  head r e s u l t a n t  a c c e l e r a t i o n s  f rom t h e  two MVMA 2-D Model 

Runs. Even though t h e r e  a r e  101 t ime  p o i n t s  i n  each, twenty-one t i m e  

p o i n t s  a r e  p r i n t e d  o u t .  A  new da ta  s e t  i s  c r e a t e d  (HEADC) which has 

e leven  t ime  p o i n t s  based on t h e  l a s t  one hundred m i l l i s e c o n d s  o f  t h e  

HEADA data  s e t .  A  c o n s t a n t  i s  c r e a t e d  (HEADD) wh ich  i s  equal t o  t h e  va lue  

o f  HEADA a t  t i m e  one hundred m i l l i s e c o n d s .  A  new d a t a  s e t  (DIFF) 

o f  twen ty  one p o i n t s  c o n s i s t s  o f  t h e  d i f f e r e n c e  o f  a  subset  HEADA 

and HEADB. The f o rmu la  i n t e r p r e t e r  i s  used t o  c r e a t e  a  new da ta  s e t  

(ANSW) which i s  computed as f o l  1 ows : 

2 HEADA ANSW = 1  . 5  (-HEADD) t - 
HEADB - D I F F  - 1  

Tab le  14  page 2 i s  t h e  I n t e r a c t i v e  and A u x i l i a r y  Outpu t  f o r  t h i s  example. 

The t h i r d  example des igns  a  f i l t e r ,  checks i t ,  s t o r e s  i t ,  and 
a p p l i e s  i t  on head a c c e l e r a t i o n  da ta .  One o f  t h e  p r e d e f i n e d  f i l t e r s  i s  

a p p l i e d  t o  t h e  same da ta .  The o r i g i n a l  da ta  and t h e  two f i l t e r i n g s  
a r e  p r i n t e d .  Then t h e  two f i l t e r i n g s  a r e  s u b t r a c t e d  and one o f  them 

a g a i n s t  t h e  i n p u t  da ta .  MTS F o r t r a n  110 a l l o w s  a  comma t o  be used as 

a  f i e l d  t e r m i n a t i o n  c h a r a c t e r .  I f  t h e  u s e r ' s  F o r t r a n  1 /0  does n o t  
a l l o w  t h i s  convenience,  do n o t  do as t h e  example does (see  example 4) 

because i t  i s  F o r t r a n  and n o t  t h e  Command Language wh ich  i s  d o i n g  i t .  



I n  t h i s  example, t h e  i n p u t  i s  t r u l y  i n t e r a c t i v e ,  b u t  t h e  o u t p u t  i s  

t r e a t e d  t h e  satlie way as t h e  f i r s t  example. Table 15 con ta ins  t h e  

Te le t ype  Output  fo l lowed by Batch Output  f o r  t h e  second example. 

Again t h e  o u t p u t  i s  s e l f - e x p l a n a t o r y .  

The f o u r t h  example i s  a  rework ing  o f  t h e  f i r s t  t h r e e  examples 

and i s  r u n  a lone i n  a  ba tch  envi ronment.  The ba tch  i n p u t ,  the 

ba tch  o u t p u t  f rom t h e  aux i  1  i a r y  o u t p u t  t o g e t h e r  w i t h  t h e  r e g u l a r  

ba tch  o u t p u t  fo rm Table 16. Note t h a t  t h e  f i l t e r  gene ra t i on  i n p u t  

i s  p r o p e r l y  fo rmat ted .  



TABLE 11 . SAMPLE F I L E  TEST DATA 



TABLE 12.  SAMPLE COMMAND LANGUAGE INPUT ( P a g e  1)  



C t i  L I , I .~'~II  b 3 5 ~  A .  
O. , , . . / - L i  . *  
CI; L ' I , L ~ A  t r . i Ld .  
@.,&./ L26.W 
C!\ i i i k l l .  

?. , LC3." 
C'Y Ili l ' iJ* 
S.,,C"." 
L- k ~ i ~ . ! i A  c~i iA.?iI .  
1 Ub. 1 i29. * 
. - 
~1 F L ~ I U D  F C I ~ U L J I .  
142.  ,,JL.* 
CF I i L f i D 3 .  
5 5 . ,  L . ,  15$.,4* 
7 :  [,Litbib. 

O.,,., L L L . *  
'I?.'{ i : k , ; ~ U ~ .  
C.,&.ILGC.* 
M i \  ; L . i i Y  T Y b l V 2 .  
2 . , C . ,  l i . , ~ b C . *  
CC j ~ i ~ h  u i i i u  i i i :L l 'L ' .  
0.) L ,  1 L b L . ,  2'. , 6. * 
CV i ~ i i ' i i  i . i i l u .  
? A  , L N L ~ , ~  L c i  i . I i A  i c ) h L i \ ~ ,  i . ' i ' l ' ~ i ; P  V t i .  
P. , & ,  1 LC'( . * 
S ?  F T L ~ Q L  POL>.[ ' .  
. i f . L I  . L *  

?2 l l * C t I  l ! - L > .  

1 : . *  
2~ .iiA 22.b. 
U 0 . X  

PQ r , ~ ~ d i  r b i d .  
t i L . *  
P J  i i ~ i ~ i i i n  i l i  t ' A A a .  
1111.+ 
29 k I . ' : A H ,  C ~ I  Jii-. 
1 5 4 . ~  
P J  L5-1% h l h .  
1 3 C .  * 
P J  1 . b l d  5 I b .  
L L : ,  . + 

l ' ~  tickdt i l :h i ~ L i ' / D d t ) i ; .  

1 2 2 .  * 
Pv , : L  A d i ~ n V  111 A ~ J A V .  
2.3Li .  * 
PC V ~ . - i h  V t ~ i h .  
3 3 9 .  * 
i' ,' . 

P h - , $ ' L  ~'l i ' ,SIi ,  
12 ; .  , j . , C l .  f l ! ~ c ; J . *  
L'C Ft,ii.'i ~ t l f , > ' L h .  

PP.  
SF P t l h i  L . + u ~ .  

2>C.  , - 1 C i  U, , hO11. @ 

Pi v 1  -.. 
PC L L ? L L \ ~ , .  

P P .  
S ?  P l  i h ,  ! l i , Y .  

XU. , - ~ j i L u .  , ~ I ? G U . *  

PC "L L L l *  i ~ b ' i  3 ,  

TABLE 12.  SAMPLE COMMAND LANGUAGE INPUT (Page 2)  



T A B L E  12. SAMPLE COMMAND LANGUAGE I N P U T  (Page 3) 



::$F(Ip{ C)FF ScDfiTs 6 = r p P I p { T t  7=+z:I fJ}. ' t  $ : = ~ I L T A E ;  'i=TLtAT 1=15;3 3=H:3 4=Cr'+ 
::F'>::EI:I)T 1 ON PEG I Pi's 

IIEFHl.ILT FIPiH?. TIME I I PE:SET TO 2111:l. i l  MTEC. 
LlurFl.rT 13IJANTITIE: FOR T H I S  FUPi HF'E It4 fi1FTRIC UViITS. 
LU::.II:HL DEV1C.E rJl.lb1PEP FOF TE5T DATA 15: P 
TEST I~ I_ IH I .~T IT '~  ljHPlE11 TE.ST1l,I FFnPl 1 . 1  TO l l l l  T 1CI.I:I M'TEC: IIiTEP'v'ri i:. 
i {E:. 'T CnllP L INE'T 1:'OIITY I N  MODEL PUN IIE:3CRIPT ION 

Pl',,!t4FI 2-11 14911 PlOrIEL FUN li 

r8it,jtqe 2-11, l v 1 ~ ~ .  :: 
JIJL :39 1976l) i l :  114: 2'3 
!IlI.IPfiTTT IE.5. FFOI.1 THI::' F.l.ll.4 hFE I t {  r4FTF'IC IUliIT:?. 
F 1 r . i ~ ~  r IpiE PEC[iF;'DED 1': ~I:II:I. (I f12EI:' TIPIE 1~lCPEtlEf.iT 1.5. 2 .  U t.1;EI: 
sc TI!YL piIjNF:EF OF F'OI I.iT 3 1: 1 I:I 1 . lil-lt1F:FF OF ELL I F"TE:r = 15.  OF L I ViE:T. = ? 
OF FEI; 1UI.j:. = 1 (I, UF INTEi7AI:T IONZ: = 14 

1-lriF I LTEF'ED 'II:I:.EL:Z MElill FE :I-iLTPiT 
11CDEL ITIIJAIITIT'I' PtHtzlED HEHrlFI FEOP1 i:l.l:l T i l  ~?l~l:l.l:l FIT ,?.I! Pl'IEl: 1t4TE'F1t~HL~, 

I..IIIF ILTEFED WII:'EL:: (:'HE I T  F'E ??ILTPiT 
'.lUJjEL I;II-I~~!~TIT'~.' fJHT.lE[l I:HE5TA FPOM 1:I.O r 0  ,=:i7l.i.l:l HT ?.I] 14CEC: lI{TEF'r,'HL;. 

I.II~FILTEF'EII GI: 1: EL: h I F' PE Z.l)l-TNT 
t'lnrIEL !:!l_I6jrtTIj'.l.' tJAPlE1I H I F H  FF'Obl l:l.il TO El:ll'~.fl Fir ::.il I ~ I ~ E I ~  lI.{TEP1n,Jfi[;. 
ZLi--LII.i: CHE'ITZ ; ,7'  , ., L IE:  tlP1 FIJPl::E 
:'lUDFL I;I~IHI.{TIT'~( rrfiI.1ED FI:'.Hk FF'OII 1:I.l~l TO ~ ~ l l : l . l : l  qT ~ , l ~ l  Pl'.IEl: IPiTE,Q1t,JN[-,T. 
8l-1'-ATH: I-iPFEk: TOFIO BELT 'f,'? d - p  
IlODEL I;II-IQ~~TIT'.( !.iitl.lED E:ELTA FF;:Oil <l,l:l TO ~I:II:I.I~I FIT ?.I! P~:;EI: I t { l ~ p l ~ ) h ~ : , .  

E:nr~*,~j I- I tit:' 9r i1~  #:#EL f4 I rlI lLE r o ~ ' : . ~  
r1CDEi- I ~ ~ ~ I H ~ ~ ~ ~ I ~ ' I .  HHf4ED Lab l tpH FF'OPl ( 1 ,  [I TO Zl~I1:l. 111 HT 2 ,  1'1 ll:Ell ]I.{rEk'o4iiL':. 

BQD'.( LI~{} '  qr . i l  '"'EL I-IPF'EF' TClF'i.0 
I I 1 ' '  1 IJF'PEPH FPOPl !:I. 111 T @  ?0l:l. 111 9 1  2. I:I F1'5EC II{ l .FF"+HLI . 
riE':.:T F Dl-lF I. IPIF'; COfiTF1 I I.{ PlOIiEL Pl.iEi [IF ZI:.F'IF'TI OI.1 

:*li*.,blli % - I t  blfiVi PlrjIiEL Purl B 
\ 

r I ,  , :, 
.r:.il. ,;:, p?;<,r11:1:i1;:11 
~'~IJr ir i r !  T I E :  C'POt,l Th  1 1 6 11t.i FFE I f 1  FlETF'.I i. l!lW 1 T.1.. 
~ 1 t w 1 -  TIPIE F'EI:-F ~ I F ~ I  I 1,. ;I,II:I, I:I PI:FI: r I ~ ~ I E  ~ t i r ~ ~ ~ i ~ r i ~  I : ,?. il PI:;EI:. 
t4l:?1.191.. Pil-ltlE:EF' OF F'GItIT: 1: !1.11. fJl.lPlEEP TIF E L L I F ' ? E -  = 1 C ; r  [IF LIME. = h 

'_1F F'C_I~IOT.~: = ' 3 ,  O f  II.~TEF~FII:.TIO~'L = 14 
I!~{F ILTEF'ET! F+I:I:EL.; H E ~ D  F'E : IAL r r i i  

r , l : j [ l ~ ~  ~ ; i l jH f . i rT~~~. '  r ~ ~ f ~ i ~ D  + H [ I ~  FF'nI.1 I I : I  T I : .  T > . ( I  C l l G C :  IfiTEF':!!YL.:. 
I-IV~F I LTEF'EU I-I~ZI:EL.I .:HEIT ?E I:l.lLT?iT 

PlG[lEL c:ll.iAp{TITai.' b { A I ~ l ~ [ l  Iy,C1FTE FF'0t.l 1Q.I:l T n  ~ 1 ~ 1 1 ~ l . 1 ~ 1  9T i : . i l  Pl:'El: ~ ! i T ~ F " ~ ! f i L ~ . .  
iJt4F I L  TEF'ED HI:.IIEL': +lI? .?E :I>[,. rF jT  

I I 1 I I .  FFOI.~ I:I, I:I TU ?I:I~I. I! &T ::. I:I VI.:EII I~{T=F"J~I-;  . 
EL, L-L1t.i: ICHE'<TZ 187 

,. : I- I E: r.it.1 FCPlIE 
v , y g ~ ~  I:I(,IG~.~TIT~' t i f i r q ~ ~  FI:-I~ FF'OM I:I. I:I TI] ~ I I I : I ,  I:I R T  ,;:. i t  P;:.EI: j p l i  EF~~NI- :  , 
b , i T  -YTtl: I-I~'F.EP TOP10 tiELT ',!I: ~ - 4  
bl5DEL i:~l.jhr.{TIT'.t I.ifiClED EiELTB F G O t l  1:l.I:l T Z  ~?ii l j . l : l  FIT' ,2.1:1 Pl[:E.tI. 1 f iTEP1~,JPL~.  

~ : g r l ' , ~ '  L 1 rik W~I; I ~ E L  PI I ~IDI-E ~ ~ F : I U  
I I I I T T '  I I-UI~IEGI: FF'OPl l:l.l! T D  ~ ~ ~ l : l l ~ l . l : ~  FIT 2 . i I  PlI.EI1 I P i T E P 1 ~ ? ~ L . ~ ,  

E:nU'l.' !.II.ff HhI j  '$,'EL I_IF'F'ER TOP ~u 
I,IJDEL 1;1[1hriTIT'r r.{kf-lED I.IF'F'EF'E: Fpn1.1 1:I.il T O  ~:l~ll: l. l~l fiT ?.Id lllZEll I f {TEF4#4I+~': .  

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH 
OUTPUT (Page 1 )  



DESF'EE 4 F I T  
5 .  53 
:: . -, E. 
2 .  L:4 
1. 3:: 
l(l . '4 ,? 
1 , l:lz 

1.4 I! 
2 . ii, 
- - -  i, 'JL' 

., '2 ',, :. . . .. \ 
4.,32 
. . -  
5 .  Id I '  

DEGREE ':I FT T 
5 . 1 '? - . .  

-8 ,-, ,., 
._I . 'L) . 
,2 , c, '2 

1. 71 
1.12 
111 . ,3 :: 
1 .11  
4 . -  
r s C , i  
,:, i- c - . -4 -1 

:; . c, : 
4.3:: 
. - -  
78. L C  
7 . 4 1  - - .  
:; . ,::':; 
,3 , il;: 
,2. 2 : :  
:'I . 3 ;. 
3 . 2 4 
7 .  I t .  
:; . '? =, 
5 .  1.11 

DEI~F'EE 5 F I T  
r - -  
.I . C lr. 
3 , .i 111 
2 c,5 
1 ,<,7 
1 . !:If 
!:I. : f 7  
1 . 1 1:1 
1. 171 - . -  

L-: , c, .> 

~IF_I;F'EE '3 IT 
5. ::I 
- -, l 
.'#.Ti 
c', 57 

1 .<'7 
1 . 1 4  
Ij , '4,3 
1 =' 1 . L. 

1,7<, 
:, c ,- -. -I? 
:;, 6,'s 
84 . .:; r, 

1:s . 1 81 - - . - ,  
I . :,,: 

t:; . 4 

L? . 111 <> . - -  
-I. s': 
,3 . IYI ,:, 
-I :, l:, 

,. , . ,.. 
r ,  1.17 
7 ,  

5 . 1.1 'FA 

DElI.F'EE 2 F I T  
1 .75  
,? , [I::; 
2 .4 i1  
c' . 7 .I, 
I;  . IJ 5 
.:i .:; ,:; 
:, - - 

. _ I .  I. I! 

4 . [I .:: 
4 . 35  
4.6'3 
5 . O I:[ - .  5 .  3~~ 
5;. 5 5  
5 .  '37 
c, , ':; I) 

5, , C,? 
<, , '3 5 
7 - 2 7  
7 , 6, 1:l -. - -  ,-, -' 
I .  . L  

B .  25 

DF6REE .ii F I T  
b< ? - .. . 4 (_I 

'I:. 66 
2 .24  
1.3:  
Id . ,3,3 
1.02 
1 . 4 111 
2.06  
2 ,  '32 
:; . 3 1: 
7 . 1:1 (I 

C, . 1:1 7 
7 , (1 !:; 

7 .  P4 
:::: , f ,  l:l 
r. q r, 
-4 . . 8:' 

3 .  [I1 
;j: , 6, T! - .. 
7 -.,- 
+ '  , i' 3 
6 . ':.: 4 
4 :, ( 1  

a -8 - 

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH 
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FOP I;II)HI.( T 1 TI( Nli;txtED 1E:S:TV P1Eli;:Z:I-!PET. HPE: Pl 1 N = i) . 111 , PtHX = 1 (I , 0 1.1 I:I I:! 

?tfHti 2 5 .  I:II:II~I:I~ '!*AF'Ili;NCE = :3.1:13";. ClaDE = 5 .  I:ll~ll:l0~ I'IEDIHIi = 5 , I> 111 1:11:1 

CUP I:II.IF~~.~T I TIE.:. PiYP1F.D F1;Hii Al.ID FCHB 
F'HH:E IzOPFELRTIOri C.QEFFIC IEFiT I.:. 1:l. '3'?(1'% 
: iqF'T T l r lE  FOR FIF.:S:T CI!IH~.~TIT',' 1;. 131?.1:1 FI.Ir1 FOR :r.EC:Ol{D I f '  120. fl I.l:El:. 
ITYFT TIME :HIFTErl FF'DM I:[, 111 Tg  14i l .  I:I P?.?EI:' 
:THPT TIPIE ?HJFTErr FPOR (I. O TO 140. 0 PILEI: 
FOP r lL~AfiT] T I E 5 t.thflED FI:HH HliD KCHE 
F~PIPL 1 TI..IDE COPPELAT lot4 !IOEFFIC .IENT I : I:I .,-.,.,o =8='7'-' !I.IITH F4CTOP OF 1.1I:Il~I~I 
FOF' I:ll.lhPiT I T'.l.' f4AI.!EIl HEkDti FUIJP IEF' ICOEFF I C :  IE l iTS FiF'E 2 7 ,  ?-"- J ij 

- 9 .  ::75 - 4  1 -,?, 975 -1:. 47111 111 . 't L J ~  C -* - 1 0 .LL- 2 2  6, 12.7;3:1! -7.4,3:5: 
-4 .  4 7  -1. <!I54 

-TqPT TIPIE I J 1 1 .  111 TIPIE IIJTEP'y'AL 1.1 Z ,  l:l FEPIQr I  1: ~I : I I~I .  1 1  PlrEI:. 
t i ! j p i ~ E p  OF w+ic'~ehI~: :: 1.; 5 Be:: 11: F~EI :~I - IEI .~~:~~~ I : 7 .  I:II:II:II:I 1Z.p: , 
:TPFT TIr'lE :HIFTEII FFiJr1 I;I.CI TO 141:I.l:l P l I E I ~  

I I FI:HFI 1 :TFIF'TII~I; T I V F  :HIFTED FF'T_II,l I:I. 111 141:1. 111 Pl:Eiz 
G'EI.IAFIE[I K1:HtiY 
:T&PT TItqF L. t iTFTFI~ FQDF1 1 1 .  I:! TO 141:l. 111 t*fIEC 
I T '  1 FCHF: 1 STFiPTItll; TIME .?HI FTED FROM I:I. 0 TU 14i1. 111 PICE[  
-'EI]SPlED FC'HF:E! 
FnP <l l~ / i /+T 1 T'I' I.iliME[i HEFril i H. 1 . 11:. I IiTIE::,: = ,G.>I,I.'~ 1 ~ 1 ~ i - i  T ~ . T ? =  I:/, I:I::I~I:I IJ.,~:I:II..II, 
FnF cl.lkkdTIT'.( r.lfiF1ED N.rEhDB H. I .  C.. Ir.{TiE;:.< = 1.325. '3 CIITH T1 , Ti '= i l. l~4l! l j  (I, ~ l : l l i ~  

"OF I_~l_ifiPiTIT's.' t.JPPIED CCiE'ITA FF'DP1 1~l.I:l Ti3 ~ l ~ l l ~ l . l ~ l  FiT I(1.1:l tpl'?EiL Ii.iTEF",!fiL'.: 
' r ~,;FF' I T ~ . ~ ~  I r . 4 ~ ~  ::.:: HY ; 1 , / ~ ~  UE ;;: i : ~ ,  , ;:;F. 1; I:I . .. 
;-UP pijgl.!T!T'.l.' ({AI,IEfi C.HE':TF F'c'Gl*l l:l.lt T2 ~ ~ 1 ~ 1 1 ~ 1 , i l  HT'  t"l.lIi blTEI1: 1riTEF1,>G[.,L, 
:E1,,'EPIT'.( IP~PE; . :  M u :  'a.IHLL~E 1:;~:~y,::7:?T 
U P  I I T ~  I C.HE'T.T~+ FF'OPI I : .  T O  I I I I  T 1.1.1'1 T'T:EC' IP~TFF"I,!F~L: 
I Z ~ L ~ ~ I ~ F I E D  'E'.,EF IT'.( II.iDE..: HH'I !.!ALIjE 445.  187:: 
FflF' I:ll.)Yl.lTIT',.' IjriPlErl 1:tiE':TF: FF'OPi O.I:l TC =1'10.1:1 Fir 111,I:l PlrEly I t i r € . P ' ~ ~ ' ~ l ~ : ,  
r.irJrt F I E ~ I  .: Ec!EP! T',' Ij'iDE:.:: h G z  '-,:GLI-IE 475 .  4f1?t' 
i{El,l tl+CiE 1 : H 1 F'qti :,: H 1 FU It.4 Y J F.REIi H I  PRVP Li J F'Ff1:'F H 1 F'Fifil:~ 1 F'eEr! 

H J F"Flt{l4 
F@F ~;ljqr.iT?T'f r{Gpi$[l I-jIPri tvlEfiIC's'E: &RE: I.1 I T . 4  = 1.1. d546s, rmlF;:: = ?,'a. <,k, 1 :: 
~ 1 ~ 6 j r . {  = 1 , .  1 :  I = 11:7.6424. I 1 z D i  = 1::;. :"@,T'. r?E111F.rfi = 17 . ,s:: , , _  1' 

1'nrJL IDEUIIE IHTEF1e'H~. = i:?. 7 I:ll,!! 
I t i  : HIPE:9'.:: PiF'F:I I i  YIDBEIi HIF'E:OP HIFF.ilF HIF'F:UD Fl  F f El l  

LlIFFifiP1 
0 I , I  I '  I HIPE: PlEfi?I-IPE?' APE: P l I I i  = I I ? = . i ;1.  57y . j .  
;fiEPI{ = 1 ,  1 I z 1 c,?. c':i.c5r t'iurIE = 1 111. 4 I: 1 ::. I,lEDIF.lrl = 1 4 -  >:::'l.i 2 
8: lJ!.iF irlEI.ili E I IJ TEP'$HI- = ,=.E.. ;F.t,4 
F @ C  I : I IJ~I (TIT '~ '  r.iFtF:Er~ FIrhfiG FF'nI.1 1411. 111 TO ,:I~II:I. I:I ifl' 2. [I P I -  Ei IliTEP!.'fiI.:~ r 

~!.,'r~!;pql.. 1,: 14;:: . - ..:,-:' .,-t .' 

P I T '  1 FCHBF: FF'nI-1 14 i1 ,  111 TF c: ~I [ I .  I! l4T 2 ,  111 t,l:Fl: JPITFF',:RI- 1 Q 
1:jTElT;S'AL 11 173  . L'.'- :':'::I.! 
PiEl~i tiHPlE'T, APE: +iEFfrIF!FF' clEhrlF,I: PI 
-:TfiF'T TINE I'HIFTEII FPOPl I:I.I:I T f l  Y~ I . I . ' (  ?l:E!: 
! ' I . I?~~TIT.~ '  titipic-rl HEP~IE; FPI-JP~ 51.1. 1 1  ~n 15i1.  I:I f i r  2 .  I:I PILEI: I r i rEwt)eL:  
v;i. FV~I:II-I~P~I:'.I' I:I.I:I ~ , I ~ T H I : ~ ~ E F F I I : I E P ! T  :::,::'<c,t, 
iP<t{FfMED FE:F'EC'lI:,'EL',' HEHDBFF' Gjtjrl H ~ h r l F l ~ p l  
tjEl,i 1i9l.lE:: RPE: HEHJj++F').: HEH[lFA',) H E e r ~ t i I  T 
FL:i;l I.II.IP~.ITIT~~ rJ+P!Erl kF6 [1e  C . F / i k  lb,VhLl_~E: I em?. t,l.ll 1 % T  I:I. 1 :<,I:I :.€I: . 
1-HPFE I' lILLIIECUPiL! Y1v'EF'HISE I T  157,1:1!.7I7 
I iElrl {TAME 1. APE: hERriE.F'F H .  iiFlirlF'1 T 
t-ilk i:ll.i&tiT I T'( I.ii?FiED HERIIE: PEHt: 't.'fiL.l.iE 1 : ' ? I .  i k 8 c , l  FT il. 1;:f:l:i !El:. 
THC.EF ~ ~ I ~ _ I - I I E I : O I . ~ [ I  ~~'O+ERRI~F 1': ,!::?:.:1,?4? 
I I '  I 1 '  FFOtl I I l l  T 11:I.l:l I'lLEC IpITEF'my'HL': 
~ F I :  E;EEPr r41.ILTIF'[lEri E.'.I' : . [ I [ I I~ 6t,r1 6EtiFtPlFr1 TE:.Ti',) 
FOP ~:l!-iHriT 1 T I  EI' rrGClEJj E:ELT e t;iiri E'ELTE; 
! IOF's 'ECGS IFt i  (COEFF 111 IEPiT I:: !:I. '?f4,sz FEI.1Ar.lED PEL TI: 
tiF:l,l i{Ht*lFr F1F.E: YIF'YC.)P U [pFr.il.l 
ii<ltl IJAClE: FjF'Er: tfIF'f:'y'F' HIF.Rt4I.l 
;OF lCl!lF~/.j T I TIE:: tiAP1ED h J F'R tiI.ir~ h I F'Fj F elin Fz = 1 , 1 I;I :;. :;<, 1.1 i~ 
'l,'+PI;it{l:E;: APE' TbE IqtfrE. 
t{Elll 14kl.IF: APE: 'i.'ELfi::.:: !,!EL 114 ',,!i LEI4 ',,!EL 
FOP I ~ ~ I ~ I Y I ~ T  I TIE,;. I.~YI.IE~I I , I-IF'F'FPFI . LCIIIIEFE: . (IPFEFE: , 
1,lFFIT.i [I_IFta,!E TEF'E (j: ',,!EL. 
F'nJPiTI,II:E r ~ l E l i ~ l . I p E ~  HF'E: t , lh ' . ,  = '554.1-1i,,2~,, i.lJI{ = - ;SE: .~~~I : I ,  >IEhti = -::7,>1:114 
I , - r  ,,~p'ItiP!l:F = 1 ::::445. C.E:75 
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crlP F'OLHR PLOT3 F'EFEF'ENCE LINE'S HF'E n. ?l?rl E:ELUlh! HNIl 11.2'1~10 HRCIVE 1 .  
; , I : ~ ~ I - I N ~ F ~ ~ P H ~ ~ E T E P ' :  HPE: - I l l 1 1  1 1 1  ~ . ~ 1 : 1 1 ~ 1 1 ~ 1  - ~ .41 :1 i I l~ l  3.2'4:: 

, I - ~ ~ . ( I ~ I : I u  <I. 01515 I:I . I:I~ 5 '3 [I, 3 1  1 1  
F'QF c l I jHt lTITIE5 t.iflP1En H lCA fiN[t HICB I I '330. :jfj:33 1 ?;:S, 523'3 
~ O L H ~  pn11.{T 15: fiT :;.:.','= I I 1:l. 12'3F: LARELED A 
F n p  I:I~_IHNTITIE:T I{I;IME[l > 1% ririD 1 I F  IhIITH VALUE5 ;>;;&.;3$,:31:1 ;=;1;15,:;7&; 
F'OLAf? POI(iT 1.3 GT '...:,'I.'= I:I. 7218 1'1.7475 LHPELED B 
i n p  I;I!IRIIT I T I E S  l{Ht.fE[t I A  HFiD 1.1: IE: I ' I  44s .  197'3 4?5,  4 h : L: -,"a c 
I-.OLF+ POI~IT 1; k~ >'.'.I'= 111 , 1 :l 0 f: 1'1.'327,= LGF,ELE~I C' 
F[:F' I:II.IHI.{T I TIE:: P~AI'IE~I FI PHI PI AM H I  FAA' , :  I~II TH ' 3 ~ t + ! - ~ ~ ~ , ~  0. 4=;4<, . - t,:l, t!<,l 3 
21-1L.Ap F.nIp!T 1: + T  ",:, '1'= I I I I  -i.i.i~I!$,? LHF;ELE~I D 
fi;D I;II.,;FIP~TITIE'; P{hPlE[t FC'HfiHI liI.i[t F!:HE:I(i 11.1 1 Te \'HLI.IE;I: 14.:;. .::34'!; j T r ? .  Z;~::;I'I 
" O L ~ ~ ( ; ' P O I ~ { T  1.; HT :.::,'.I.'= -111,74>6, I:I. _'t*?? LliEELED E 
FOP ~:ll lpt.iTITIE:: b{fiplEr~ t 1 Hr'itl I Ili I T  I :  445.  1 8 7 3  ::; :; , ,3 .:; I I 

c ' i j ~ f l p  POI l {T 1': Y T  . . . : q  - I  3 3  -I!. I:lpzJ LABELED F 
c o p  I " I I - I ~ ~ . { T I T I E ~  !{APlED 1 AbiD I E: 1~11 TH 'VHLUE:; 4 3 .  4152= ;;;l;l?, 
POLijF' F'OIpIT 1.5 fir '- .'.l'= -1). 4 1  1:11 - ( I .  4247 LHE:ELED 5 
F(Ip i;tI.IApIT I TIE'; t.{Ht"ED HEHDfiPI:: I I IJI I T H  ':.1Hl.ljES t,?. $ , D l  1 ,? 1 . ;<,c, 1 
POLijP POIp(T 1.2 fiT ';?, - 1 .  1 I -1) .  72'35 LAE:ELED Y 
FOR IIlI)HPiT I T tik!blED HFRIIAHi! HND CIEADFvH'-! 01 I TH ':.'RLIjE'? .. - 

t, , , [I,:: ;' t:1 :2 , i; 1; 4 3 

PnL.iji? POIIJT 1 z: d T  ':.:? ,1"= 1:l. ;5.11; - 1 ' 1 .  &EcE.:I I.fiBELED I 
FOP ~:ll-ifiPtTITIE:l. trnt~l€,D 'VELA:': AttD '*!ELEI{ F'OLAP POINT I 2  OFF PAISE. 
c.'OIPiT IIIILL EF: I PI'~!EF.'TED HIJD F'LOTTED. 
FnR I;II_IGP{T ITIE::. ~ { A M F ~ I  r;ELEII et.{[l 'v'ELfi:,.: 111 I T H  '3?YLljE:5 - :::. 3 1111 4 554. I:I.::'?:; 
PrlLAP PnIP{T I.: A T  '..:'!','= [ I I I I  - I : i . I . i ~ ~ ' ~ J  LAREI-ED ..I 

F H W E  F'LHPtE TYPE F'LGTv 
:.;HL I ~ { G  P~PI;METEP.I: WE: I:I . I:I I 5 I I I , I I: I I 1 I I: , I: I: I I 1.1 . I:I 

0 . I:I I:I,;:: . I I I I - I , 4 I I . I i I I "I . k,'i2,:. 0. 525'3 
FOF' C'HF'TEIIAPi PLnT, 
21:Ai It.{<< P~~F'H~IETEF'! FIFE : . . 

1.1 . 1.1 2 I:I i t  . 111 I:I 111 I:I 6, (I i i , IJ I:I I:I 111 - 1 I! 111 I:# . I:I ij 1:) 111 
111 , i,5 n 111 . i j  I:I [I I:I - i l  . I:I :! :: 7 2 1 . '- Zf .. 111 [I I:I , 7 6, ? ;: 1 4 , 1 4::: 

FOP DEG'IHTIOt.1 PLOT? 
I C HL 1 t.11; FPFIPHFIETkP': RPE : i t .  1 1  (2 I:I I! . , i~ I:I (I I:! !$ 111 111 <I . 111 1 1  !:I I I - 9 I:! [I I , . !:I I:I I:I !:I 

111. f ,5 0 I- , I I I I : - I:I . I I if ::4 2 ,:: . 111 I:I i~ (I 1:1.76'32 14_ '  t a m  14':!1 
1.!1.1Ftt.i T I  T1f PiHtlE'Cl EEL TC: HFI: 'VALUE [I 83 7 ,? ,? 1 1 5 c. 
FOP I:!l-lqt.iTIT'f P { H t ~ l ~ I l  TEIT1-$2 FF'El1 I ~ i . 1 ~ 1  T O  ~ 1 ~ 1 1 ~ 1 . 1 ~ 1  F {T  1l:l.I:l PlzElF I~iTEF"v'HL'! 
'~RLI-IEI HPE 1 . I:I l:i I:I 1.1 0 1:1 ,I: . 111 I:I I:I 0 0 I I i l  +, . i l  I:I i~ I I i h  I.! I:I 

4 . I:, I:I (I t:t i l  I:I I:I 2 . I:I i:! i l  1.1 111 1) 111 I:I . I:! ;: . I:I 1:t I:! 1.1 1.1 1.1 i t  

4 . I:! r~ I:I rl 111 ):I I:I 6, . i l  t:l I;I !:I I:I I i I:) ,;: r1 I:I !:I 111 I:I 111 I! 1 I:I , I:I I:I I! I:I VI 

1 ,? , 111 I:! i~ i t  rt i~ 1 4 . 111 I:I 1.1 I:! I:I 1- . i:i I:I 111 I:I l'i 1.1 1 !:; . i l  I:I I:I 111 1: i l  

2 I:! , I] [I 111 11' 111 <I 1 ;.:: , I:I I:! (I I~I I:I I;I 1 6 . [I I:I i l  I:I I:I 0 1 4 , I:I I:) i:~ I:I I:I I,:( 

1 2 . I:! I:I [I [I [I [I 1 I:I . I:I tp 1:t il 1'1 1:i 

TABLE 13 .  SAMPLE INTERACTIVE AND AUXIL IARY OUTPUT FOLLOWED BY BATCH 
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P .u 'Y n f? m In r- 
O Y - n V r O l J I  . . . .  I . .  

2 n o  n w r - u > *  
C 4  1 

f . i ~ ~ m o r u  
- C r r r - - ' ,  

:.: . I . .  . . . 
O r2 '3 1.') r,  0 1 







j: r; 
L, -; ( ' 1 0  ~ ~ ~ r ~ . ~ ~ u r ~ r - ~ n ; t - n a m r , . r o ~ ? ~ r u ~ r  

>'I.--",-, ~ I Q L , - ~ > P C > L ? .  o-c>c>3. @ P  ,> 1". Y , ? F 3  
n r i l ' ? T j r ~ r p p - . n i A  ~ ( v n r - = r - ~ . , r n ~  u r 1 1 r - s . ~ n c  u a  

d f ' . - r - F ~ - ; 7 r .  l t l n m r n m  3 ' 4 ~ 7 r r r v v . 7 r b r n l  1 -  
= ' * . . . . . . . . . . . 1 . . . , , . . . . . . . . . .  

n r 3 ; r ~ n  r o Y i , , r - P  O U o r r ( 4 l ? f  u1 u P D f L O  o m - M  
i, 7 r r r  r r - r - - r r r r r r : q r 4  
.- 





I- UJ P 
r a t  
m N m  , I .  

a Ul a 
r m m  
N t  

O N I O ~  
m m s o  
m w m p  . . . .  
r m n o  
m m , n a  
t f  f f 

. . . . . .  
n m o  o m m  
r r r m 9 o  
F ~ ~ N N N  

\ 
O O O O O O O O O O O O ~ O  0 0 0 ~ 3 0 ~ 0 0 0 3 0 0 0 U  

d , ~ . . , . . . . . , * , ,  w , , . . , . , . ,  . . . . .  
, : t a n ' 3 ~ ~ a ~ o ~ f 0 0 0  =-it 3 r < 3 ~ s 3 ' 0 0 u ~  a n o  
H 0 0 0 r r r r - N ~ 3 N f l N ~  + 4 0 0 0 c r + - r r U r 4 t d N N m  
r + r r r r r r r r r r - r r r  k r r - r r r r r r r r - r r  

m o m  
$1 N -9 -l 
: , m r f .  
c 4 . t .  
+ J I T r n  
> m r -  

C I  I  
I  

?m" i  
M Q Y  
hlm r . , . 

,J m  
m a r  

? m 

~ r r l m u c n ; f ~ ~ ( r  m o n  Y O U  
e ~ ~ o o z o ~ u a u ~ ~ ~ r ~ ~ ~  
c , ~ - , ~ s P . I I I ~ - c  7 o m  x - m  , . , . . , , . . . . . . . . . .  
< S V - P - ~ Y  n o - a  - Y W  
b m r r - 3 2 u ) r u a  D r b n -  

3 ~ 1  J J  .J j f m m m n  v r -  
I I l l I l l l I I l I l l  





hl 
U U 
a a 
W r m t O ~ a N w  P I P N m O . + D N  
m o o o o o o o o o o o o ~ ~ ~ u ~ m ~ ~ ~ ~ a m  
I..., 

a m r n o o ~ t ~ ~  . . . . . . . . . . . . . . . . . . .  b a * . * . , , ,  
~ U O V O O V V O V O O O O O U N ~ O ~ U ~ ~ P I Z  u w b ' n ~ n w n  
bt aamlnO ' r t -Ln  P I N O P ~ W N P  
U ~ m ~ r ? m m c h ~ l  U V I V l f  P F l m N  
o r m m a r - \ o m +  O I I I I I I I  

r m  
O O O O * f  , , . . * .  
0 0 0 o r Y m  

m  9 
r-a 
C Fl 

w t.l 
'4 

W m o m ~ O a o Q 9 m  
X 
W O a N b n m  j m m P  

4 r ~ 9 9 n ~ u 1 0 0 9 0 0 0 0 0 0 0 0 ~ 0 0 0 ~ 0 0 0 0  n i m t r t - r m e ' n m  
M . . . . . r r . . . , , . . . . . . . r . , , * . . .  I....,,.,. 
& r ~ Q 0 r P N f m 0 0 0 0 0 v 0 0 0 0 Q U O O U O O O  L a N Q 3 W r m i - 3  
& ~ n m r a ~ a ~ m a m  & m 9 r v m P m r ? r n l u  
~ ~ r n m m o o o ~ r n m  n m m r - m m n m m v l  
3 1  I I ~ r r r r l l  

I , , ,  
n m a @ f  1 I I I I 

, , , I  

Z 
d * m a m c m a l ~ f - r - m o o ~ ~ m m r m l 0 m u 1 a r r n m  
0 M m ~ ~ r n - O ~ ~ m O ~ N r - o O m l n 0 ~ 7 ~ ' ? r - P . ~ ~ -  
u . . . . . . . . . . .  . . . . . . . . . . I . . . . .  

4 - 3 ~ ~  01 ~ r - ~ r s r m n n ~ f ~ o ~ ~ , ~ - m ~ ~ a ~ z -  
* Y V - ~ ~ ~ O Y ~ - ~ . . ? ~ + D Q ~ Y Y  5 a ~ 1  v f n m  0 0  
* I  I l e y  4 ~ 9 m 7 ? m m t 3 3 3 t f 4 m a v l ~ 1 ~ 0 r  
2 I l l l l l l l l I l l  I 1  I l l  I I l l l l  

01 r r r r r r r r r r r r r r r r r Y  - 
a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ J ~ ~ ~ ~ ~ ~ c ~ ~ ~ o o o ~ o o c c c c c ~ ~ ~ u ~ ~ c ~  C ~ ~ C ~ C . < > ~ > O I J U  
< w . . . . . . . . . . . , . . .  I . . . . . . . . . . .  . 4 w . . . . r . . . .  
r ~ r n i a ~ a n : q ( \ i . - f  no=,?;+ r - r - ' u + o z c c i  - t a n a u j  . i x . o o , s ~ t . t u z ~ ~ . ~ - d  

i i n m u i m  a t o c ; U ~ r - r - ~ ~ ' r 4 z n m r w u \ m a ~ u u > o  - r ~ n ~ . ? u u 3  u o ~ r -  
il* r r r w f 4 r . - r r r r r r r  

i.4 Irl I., ill 
F4 :J [. '3 





CF'. 
1,21:10. 7 l *  
TR NUl.!E. 
'3 
T r j  TEST'$. 
1 , 1 [I. . L3:I (I. * 
MP. 
1 ? 2 *  

HEADQ. - - - , ,:: 7 := , 5 ,: [I 111 . * 
P1R. 
:: , 44  
Pi171 HEADB. - - -  - en, :;? 2 ,  7 ,z'lJl:l. + 
TP HEHDH. 
il . 1 I~I 2 111 111 4 

TP YEHDB. 
I:I , 1 I:I . c: l:l n 4 

.:Z HEHflH HEHDC:. 
-1 [I l j .  1 0, ZOCI* 
TP YEflLIIZ. 
(1 , 1 I:! 7 1 111 l:l 
:;:Z HEAIlH HEADEi.  
1 1:; 111 5 1 111 7 1:l (I 4 

p': HEADD. 
~II:' HEFlDFI HEHDI; DIFF. 
(1 , 1 IYl : ,? 111 (I 4 

TF' DIFF. 
1:i . 1 111 5 2 111 l:l+ 

F I Fi N '5: I!! . 
l:l , 1 111 ! 2 111 111 + 
1 . ~ ~ ~ , M C ~ E A D I ' + ~ ~ ~ I ~ . ~ H E I ~ ~ D A  ....'$ M!i;HHEHDE:+;-D I FF- 1 :f,E 
7 P 6 r.4 .:: I!! . 
l:l , 1 0 r 2 0 I:I 4 

TABLE 14. INPUT FOLLOWED BY INTERACTIVE AND A U X I L I A R Y  OUTPUT FOR AN 
ADDIT IONAL EXAMPLE ( P a g e  1 ) 



, ,. 

::f.F?lrJ gFF ' j=fl&I~l[~HT $,=*PF'ItJT+ 7-*I II.1I. + '~=FILT; IE ?=TIiFlf 1=133 2=15'3 ::=l-/g 4:=149 
::E'.:EI: I-ITION 6E1jI td 5 

[IEFAIJLT FIpiHI- TIPlF 1'5' RE:TET T f l  i ' l i l i l .  i t  P1':'EC' 
nllTFlJ7 ClUHRTITIEI F I ? ~  ThT 5 ??IN AF'E I P i  PIETPII:: IUHIT'?, 
LOGII:HL LIE'.)ICE ti?it~lEcFF FUR TETT DPTA 1.1 '? 
TF::T I;II-IHI.{TIT'I' t{LtPlEIl TETT4,,.l FROM i l l  T I .  T 10 .0  Pl:':El-. lI'!TEPVfiL':'. 
iiEi:T FOIlF L 1 NET CUPIT% I i'! MUDEL PUIi TIE TIZF IF 'T  IOF4 

M : , > P I ~ ~  2-11 ~ ~ ) r t  liL1r1EL PIJH fi 

tq'm)plG 2-  [I, ',?EF'* ,:; 

.,II.IL :s. ~ , ? ~ ~ I : I I J :  z8? 
I,:II.I;~;ITITIE'.: FOE!l THI:' FllFi 9CE'  IN F!ETRIl:: U I i I T I .  
F I r . l r i ~  TIPIE s'EI:UF'DED J I ,~:l:!ir. 1:' r.l;E~: 7 I t l E  IIJI:F'El4ENT J 5 2 .  I )  K-.EC 
H I : T I _ I ~ ~  Vi1.1ttlE:EF' OF F fJ I t iT I  11 1 i'll. Ill.lt'T;C:F' C F  ELLIF' iEZ = 15, OF LII.4E.I = 7 
OF k E ~ j I n t { :  = 1 I:I. OF IIiTEF'i4l: TIOtl. = 1 :1 

I.lriF ILTEF'EII 61: !:EL 7 HEYD F'E.1lji. r I JT  
t,lO[iEL r;ll.lHrJTI T'f fi4PlED HEfirlA FPOFl 10. 111 TU ,?6!1. Cl 6 T  i'. 111 I t l IEC  II.1TEP1t,AL;.. 
IiE:.'T FOLIF' L I r i E  I I:OI.1THI.I.( MODEL FUIi DEI:CF'IF'T ION 

t+,'PlA 2-D PlHti MODEL F:l-lI.1 E. 

blVfqt+ 2 - D r  \,,EF'. .:: 
JJL .3r  137F,1:111: 177: 1 1  
!?l.lti:iT 1 T 1 E,S FF'nF1 TY 1': F'I_I:J BF'E 1 TI PiETF'I C: I-ifl 1 T:: . 
I=IIiiiI- TIME PECClF'IjED 1':. i'BI:l.l:l P1':EC. TIPIE II.ll:,REPIENT 1.:: ?.I:I I'1T:EC 
AI:T~-IHL I.II_IPtREP rlF F'nIPITI I 5  101. HI iP1F:EF' OF ELLIF'2:E:S = 151 UF LINE': = <, 

!IF nEi:;IOPi? = '33 OF IIiTEF'HCTIOIIZ = 14  
IJWF 11-TEPED FII~I~EL'I :  YEH11 F'E 1 CIL TPi T 

t l n r t ~ ~  !;IIJH~{T~T',~.' NPMErI HEHDF: FPObl I : .  TO I I : I I  1 2 . i 1  I'1;El:. IFiTFc':!nl-:. 
irOR I;IIJ~I.{TIT'.(' PiHI'IETt hEH[lk FFUI'1 1:l.I:l TO ~ l ~ l l . ~ l , l ~ l  hT  lCl.l! P1iElL lIi?E+'-;HL'r 
':HLIJE:E riFE 1 . I:I I! 111 7 ;:;'?em 1 , I~I 1 l; 7 1 1 ,3 7 . 1-1 . ;!; :;c, . :; 7 1 

,G. 54?~,:;;;:,; 1 j . ;':: 7 if: :?: 1 16,. 1:1'3?yzi1 ;.,I 4:+;5,4 74 
45 ,  :4411i1:,..7 - .  31 . : _ I D ' I ~ < ~  :ty,. 44#376,<: !#I ,412;:i:l 

4 7 . 4 :: I:I i~ 5 4 3 4 .  ,:;YIII<~,z 1 2 . I:I I:I :;*q ,:; 1: - - ~ . : ; 1 4 ~ : ~  
\ 

I . I  . -  'i 

12.  '?,?:&:;(j:; - - 
,: . 5, t, 6, :: ::: 4 a:: . 1:15 5 6 6 it k , y .  ::;1451 4 

z;i,. 1-:,-14 1 - 1  :; I I . ,;: ,? 7 ((1 4 $+ 

FOR r;llJHIJTIT'.i.' I.iHP1ETl HEATiE, FF'QP1 I .  T l l l . 1  T 1ii.O P!'EI: IIiTF_F'*:'FtL-'1 
',!ilL.l_iE'I FjPE 1 . I:I Id 1:1 7 ,;; ::; ; . 1. 17,:;71,?4 1 , 7 l:lb:,4 142  

4 : - (I - il m::, 4 11 . '?441:14; 1 r!; . <, !I 7 1 1 s3 
- - 

, ;:: - ;:; ,, , i:;. 4yc,;7,7 
;; 1 . 4 <, ,=, 111 :: :; 4 1, 4 :, :s 4 :,,:, L. Ti -  .,,.I 5:: .  14;:':;i 1 c- -, . b :, . !:I ':: ::: 7 ," 4 

- .  
5 1 . 15'365 I; :: :; k, . 5 1 4 i~ i~ ;:; 1 ,? 7 5  :;=:3<, ::: . kt I:! I t:, ,-' i l  :; - - .! + . 4 :. c c c .-, I<+. lYc, f t i77 21  . 414  1;:;;:; - t- -1 -6 -1 L ;!;q. 1 1  I.'I.?,~> 
?':;. 1!:14,214 ; ,2,  :i;l ;;'q>y 

:ThPT TIPIE I H I F T E I I  FPUN 1'1.1.1 TO  ~I:~I;I.I:~ PlIEj: 
I I T I T  I F  HEfiTlri 1 LTdFTII'iT? TIPIE I H I F T E I I  FF'OP1 I 1 '  1.I.I.i P1:El:. 
PEPIFIP~FII HEhtilT 
ZC]? i:~l-liiI.{TIT'.( t.ifiPlEri HERLIC FF0I.I I 1 1 1 . 1  11:1.1:1 Pl-EC TPtlEF;!.'hl..T 
',!HL IJE FIFE 71,41,?7:31 ,4 1 . 4 1, I:I i 1 5  4 .:; 4 . : 1.1 I:! ;: v, ,; 

1 . (1 . i l  . -  ;;; :! 7 . 7 5  7 1 d ~ , ?  I,?, ,?,+?$(I:; ca ?a . 2 7 c,<, ::;:;! - .  

,&2. l T 2 ? l G  48.  I:IEICI<,~I: 4 <,y .  Ci14514 :: 111 . ,;;y 7 I:( .p 
:.TQ.IF'T TII.1E :.HIFTEri FGnC1 l:1.1:1 TO ll~!il, l: l t,iYElT, 
l ! I J T I T ~  P i  I HEFIIIH .:ELECTED h T  TIPIF ! I:iO. i l  Cl.?EC Pi ir !  ~FIiAPlE'Tl HEIiJlll 
islJPI.iT 1 T"; PifiIf1Er1 HEATIT! HFi - " -  mi HI. l iE =,I , 4 1273  1 
~:lt)iiPfT 1 T'.I' I.iPtrlE 11 HEADA P1 1 MI!: Il,l_liil!TI T'.I' ti4r,lEIl hEF:UP F'iPiliPIETI . D I F F  
F I T  I [ I IFF FPnPl l:t.l:l TIZ ~l:~l:l.l:l HT ll~l.l.'l l* i IEC Ib l7 'EF4~4~ l . ,~  
',,.'HLI.iE::. APE: I:I.,%~.::<~.~~;E-I:I<, -i1.1~,1:11.1i1741:r -,. :$ ?--I , , r.' - d - ? . 

7 . L:: 6, f, ;!! 1; 1.1 -t - 1:l . 5 5 1.. 1 kt 4 7 1:1 - - .I! 15,2:5:!5 - 1  . 3;!233,:;2 - c ,- 

111 . I; :; 7 2 'I: 4 5 i l  ? . 4 c:, ;. 5 *! 4 6. ::. 3 1:1645 75 - 1 , f,257'? ky 
-4. ~ f , ~ , ~ ; , ~ 4 E ,  - 1 . 1 .3i745 1 -1;). TqS%e, (I !!L?T - 1:l , :? 4 :I; f ,?  4 111 
- 1  , 15'94.744 4 s r:84z8:,54.- 'L, L. L . t. !? , 5, 3 I:I 1 1 1 7  - 1  :3 ,  >PF:,4;78 
- 4 . ;:; :3 1 5 i~ 1.') 1 . I:I ::: 3 I:! 5 '3 6 

w : U L r  OF FDPPIIJLH  IN^ EPF'FETEF' 1.5 : 1 ,  :: - 7 'j . 6, T.' - (:: 4 , 1 4 - ;;; 4 , ,: ;: - L 

- - ,:, I.,.,. 1:; -75.'?h - - -  - , ,-, ,:, , 1 - ;;: 1 , ,> :; - :j: 1 , ;? 1 - - .- 4b .54  - ,r...7Cs -74.1,;. 
- 7 ,  , 1: -. 7 < , :  - - 7 ; .  ,"' -;7.4, - -  :: :, - , L+ 4 - ,:: 7 , 1 l(1 - +, 1;1 , fi ,:: - 2 ::.I . 2 7 
-7,a, ?)$ 

w I I  I A ~ . ~ L I , I  F F ' C I ~ ~  I:I,I:I ?n  ~I : I I : I .~ I  HI III.I:I V I ~ E I .  ~ r i ~ ~ e ~ v f i ~ . , :  
'8,,fiLl.iE:T flPE - :=! I~I , 1 1 ;i! !i T;:; --,-, I . .  < _ I  - 4 1 7 4  - ;!;4 . L ::,,I, - , - , , - \ I  #-a - I:! 

- :;4, ' $ Z ' > G  l ~ , ~ ,  - 7 m-, , 1, :, 6 - - 77 .  '?5<,?4 - .- 
, < .  . I . . I 'T, . I- ,.. . .., , -; t:, . =,4 :,~IT(, -. - - ( ::; ;:; 1 4 ':, m 2 -:' ., =; - ,? 1 , ? L=~ t:, ; - 1 - ::; 1 , 7 (i: !, 7 4 - 7  - -. . - 7 ,  , t, , , r, :, , 4 :i: 

-;.em , ;, - a < > =  -, -7 -  ,;;I j,??,!; .. .. ?4. jl'31z:l - 1  ,: . ..I :, 1 , < .  - , ' , . .;4 1 ,=: 1'1 t:, l;l 

- 77, 46, ?!'I r~ ,? - ;;; h: , 4 ,A ,a ,:; 7 - - 7 . 1 1) l:l 2 -";; -~,I:I, i115:~'24 
- F; 5; , ,j: 7 :; +, 7 - 1  -92 . L--.c,j - 1 ,  _ 1:4 

TABLE 14. INPUT FOLLOWED BY INTERACTIVE AND AUXILIARY OUTPUT FOR AN AD- 
DITIONAL EXAMPLE (Page 2 )  



ITP. 
1. >l:lil, I +  
[IEFPI.II-T F I N A L  TIME I I' QE,SET TO 21:11!. 11 M?EC 
:11.ilFI.I T IPl-iAIiT 1 T IE'I FOP T H I  I h'l.lN @RE I N  M E T R I C  LIP41 T'Z . 
PIP. 
I . ? *  
IiE:.:T FUIAF' L 1FIE:I I : 'OI iT~I IJ  Mnl'lEL. F'I1I.i TIE ji:.RIF'TIOP{ 

PI14P1Y 2-n PlFN MOliE~. pl.lli P 

j l . l i  ;;;, l , ~ ~ < , i : l ~ l : i l 7 : 1 ~  
1:1I!fiPf7 I T  I F  !: FFOM THI'.I Rl.Ill APE I F 4  METFIC' IJ lJ I  T:: . 

I 1 ' 1  1 I T  7 , ? . p  ~ ~ P E I :  F I l r r l -  T I  PIE REI: CF'I1E1l J :?  - 
;~I:TI. ;~~I- :.i~_it~~.iF'EF FflIr4T'" 1: 1i:i l. I.il.lbll.:EP n F  ELLIP'TE'S = 15, UF LII.~E:. .= 
:F FEGIi]i.{i: = ' 2 .  CF INTEFA1:TIflPi: = 14  
'1I:I ~ E A Z I A .  
. - 

:, , :; 4 2 . 2 l:l [I + 
IJT.tFILTEFEIt HII'CEL5: dEHD F' E S: I-IL T r.4 T 

NO~IEL I::II-!YI.]TT~ '$ IiAtdED HEHDA FFOM I .  I TO I .  I AT 2 .  111 tqlZEl:' IPiTEF'v'hL.:. 
FI3 FI I -TY.  

CIiTEF THE 141-IMF'FF OF THF EPrill I lIITH II'EII;PT= 1 
1 

ClLTFF' Pliil;r.iITi_i[~E FEPF'nP{lE :F8EC': : 
€:+t411 ~ I l l t l E F  ?iF PEP tGF,IPi iLlE I l;HT 

1 l:l,l:i 4 I:) . I:! I! 0 1 , 111 (i 111 111 1 , 1:l i i  10 I! 
L- ,:! I:I . I:I rl I I 4 [I i i  , 1.1 I:] I:I . I':I 111 ,;A 1 1 1; 7 

. 1 I' THI.7 ,qr:CEpTfiRLE'? 

TABLE 15.  SAMPLE INTERACTIVE SESSION WITH THE F I L T E R  DESIGN COMMND 
( P a g e  1 )  



F 1 k{I TE 1 flF'I_ILSE RESPnIZE 1:'F IR::l 
Pflt.iDPH5"S F 1 LTER 

FILTER LENGTH = 56 
I:F' 1 D DEPi::. 1 T'f = 36 
M i l .  ITEFIATIEIPiI. = -3 i 

TOTfiL ~IE{,J 1 AT 1 nu= 13. 03545329:3 RE; 

FIGURE 15. SAMPLE I N T E R A C T I V E  SESSION WITH THE F I L T E R  DESIGN COMMAND 
(Page 2 )  



TABLE 15.  SAMPLE INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND 
(Page 3) 



t i  ! 1 ,I = 1:1, 15'5433C'l E- 1 = y , f;E,') 
4 1  2 : )  = -~I.,::?~I:I~!~;;E-I)? = I - / (  571 
H I  i:,, = -ldm~i*:,.:~3 . .,-,,~II~'I:I~E-I:I~ = Hi. '54;) 
H I  4 1  = -1:1,1'i4$441:14E-1:12 = H I  7f : ' l  - ,  

H I  5) = - l ~ l , ~ ; ~ : < , ~ ~ : ~ ~ [ l ~ - l : ~ ~  = H I  52.i 
H I  $1 = - I : I , ~ ~ ~ ! ~ ( , ~ ~ ~ ~ I : I E - [ I ~  = H t  71) 
H i  ;:I = -I:(, = H ;  51)) 
H I  ;:;,:I = - I : I , ~ ~ ~ , > ' ~ I ] ~ ~ E - ( ~ ~  = HI do?') 

'3) = I : I , ~ [ I : ~ : L $ ~ ~ ~ J ' ~ E - W  = H i  4#:1 
1 I = I ] , ~ ~ : ~ ~ ; : ~ ! ~ ~ : c , E - I : I , ~  = H i  47.1 

1 ;I = 1:ls74:~::_!2,284E-1:12 = H I 46r 
H I  J , > I  = I : I . ' ~ < , ~ ; ~ : ~ ~ , ~ ~ ~ ~ - I ; I ~  = H i  45 )  
ii I 11: I = iIm1;75'~4~:!~.E-1,!,2 = H I  44r 
i 14 )  = (1. - 1  4': ~ . ' 4 : i ~ -  - -"-a-#F-r- .I,= = 47.1 

H I  15.:1 = I : I , ~ ~ ~ : : ~ ~ ~ ~ ~ I ; ~ - I : I ~  = H ,  42;) 
H I  = - I : I , < ,~~? I ' I $ , , ~ : I : I ~ I~ - [ I ~  = 5 i '  41)  

1 7 )  = - 1 ' 1 .  1 4 ~ ~ i 1 < , 7 ~ < , E - i 1 ~  = H i  4[1,( 
qn l i 3 . 1  = - ~ I . , ~ ~ ~ ? ~ ~ ~ I ~ ~ ~ - [ ~ ~  = Hn 
1 4 1  1.31 = -1:1.;~,3?l,217~-01 = H~ ;;:;::I 
cr I' 2 fl.', = - 0  . I ' 4  L.. :"rS;4 J'S€- 1:11 = 4 I' 371 
H I  = - [ I . ~ ~ ~ , ~ ~ . ~ I : I ~ E - I : I ~  = HI. 36.11 
h ! 22 'I = FJ. z;?;?t,f;(,hE- [lz = H I. I : ~ ' . I  
U I  >:;'I = I:ia2T62<,31:l(,E-ill = H1' ';;4':1 
Ho >4:1 = 1!.5716c'i14hE-1:lt - = Ht ':!::'I 

H I, ,? :z ':I = . $; 111 24 1 s? E - 1 = 4 ; : b.. Zc ', ,J 

1-4,' >c,',t = 1:i. 114146!!? = H ? ti 1 ::I 
H I ,!; 7 :, = 1;l , 1 ;: 7 :ti+ 7 4 = HI" 3~1, 
41 ,i:3:, = l :1 .14,>~4=1~~ = H i  23:1 

TABLE 15.  SAMPLE INTERACTIVE SESSION WITH THE F I L T E R  DES!GN COMMAND 
(Page 4 )  



r~1IrtI~ll. lpl ~ F I P ~ P L I N I H T  41:11~1.1:1 I-!: 
EriTEF' DE'E IF'EII PFtTE 1'H;'f : 
8 1'1 0. 

. . . . ... F I L T E P I N F  DF ZIGNl iL  . . . . . . .  
'.IDT 11-E.: 
------ 
I: OP1POPENT T HFI1dE FOCLOIJ I l i t  FF'EI;IUENC I E  ::: 

11 THE 1. 1:il:i H? ~:flPlPflNEliT ItiTENDErI TO RE FILTEF'ED Lll-IT; 
t i  

\ 

1.1: THE ,Z1:1.1:11:1 H? r:Or4POP~Et.IT IPiTElILIED r0 E;E FILTEFlErl rjl_!T.?. 
F i  
12 THE ,371. 1:11:1 HZ I?OMFOPiEI'iT INTEIiDED ,TO BE FTLrEREIl  CIIJT'? 
t.4 

I 5  THE :G5. I:II:I '47 ICfl1'1F'OI.iEtIT INTEPitlEI! TO FE FILTEF'EII  Ol-iT7. 
I 

I.: THE ZI:10. I:ICl HZ CflPlPUViENT Il{TEI.rDEI! TO BE F I L T E ~ E I I  O l - i T ?  
I 

: IITrcRl.. iT.iF8TT= I:cl .I HHC E:EEh FILTFRED. 

EPiTEF I.iBEI?q IiFI.iD* t.i!tF' FOF' CI.ITF'I_ITq OF' F'ETIJFP! TO & I T :  

TABLE 15. SAMPL5 I N T E R A C T I V E  SESSION WITH THE FILTER DESIGN COMMAND 
(Page 5) 



IP1PI.ILSE nE,;'PUN?E I:: 1:l. 1?94QSE-(l,? - I ) . , ? ~ ~ I ] I ] ~ E - O ; ~  - I ; I , ~ ~ ~ : ~ ~ ( ~ ~ ) ~ - ~ ~ J  -0 ,  tt~4~44~;-l;l;; 
- 1 , : : - I  I I I 4 - 1 1  - 1 ,  1 ,  1). 1 ~ $ 4 1 3 f - ~ 3 c  

I ( l . 4 ~ 1 ? : ~ " ~ - 1 : 1 ~  I 1 . ~ 4 f ! : ~ ~ . ~ ~ - I : l ~  ~ . F G T ; = ' ~ ~ E - ~ I ~  [1,4,?5'34:3E-11;; [ l . ; ~ 4 ~ ~ ? ? ~ - ~ l ~  
I:!, lii,312'3E-(I2 - l : ~ , ~ , ~ ' ~ l ~ ~ . ~ ~ ~ - l ~ l ~  -[I. ~ ~ ~ l ! ~ , ~ E - l l l  - l ) . ~ 2 4 ~ ; ~ ~ ] E - [ l i  - 1 : 1 , 2 ~ , ~ : & ~ ~ - [ ~ 1  

I 4 F 4 E - 1  I .  4 -  I .  - I  I , ; I  11. 5 ;?1621 i~ -01  
Ci.E::I:1:124iE-l:l1 I . + I I I I  I : I , ~ ' : - ' ; ~ ~ ~ E + [ I ~ I  C1,14~1j145~+[117 ~ , 1 4 q l 4 4 ; ~ + ~ ; ~ ~ : ~  
I : I . ~ + I I I  I . I . ~ ~ @ ~ . ) ~ , E + I : I C I  [ I . : ? $ ~ I ? ~ ~ E - I : I ~  (1,5716,:[1~-01 l : l . ~ ~ ~ , ~ ~ q : : ~ ~ - , - l l  
[ I , ,Z;L>:~~,~!?E-~'I> -1:~. 14725:::E-<11 -l:Im,:,4zQ54E-ilj - I : I , ~ ~ , : ; : , ~ ~ ~ E - [ I ~  -~l.p?4:~:: I.., OE-1.11 

- 1 1 1 - 1 1  - 1 . 1 1 - 1 ,  1>.1~,?f~"E-I : I ;~ (I,~~~E.CI::E-I:I~ 1:1,'?7534?~-[l? 
I - I  I : I , ~ ~ ~ : $ ~ ~ : E - I : I ~  1 - 1 1  [1,10841'>E-(12 -0.14cjZm31E-02 - 1:l. 2'?421:3E-1:12 - 111. 3 3265E:E- 1'12 -1'1. ZE:c84'32E-l]Z -1:i. 1,34$:44E-O2 - 1'1. 9::;,:;2 01!~-1].;: 

-I].E:~~)OI:I~E-~I::: 1:1,1~~3~,3~::E-[12 
l.r~U"rPfT I T',,' P N M E D  HEATlH FPCIP1 0. il T O  ZhP, O HT 2. 0 M'Z:EI:: I PiTEPVHL..5 
Mi; E'EEt.4 FIL.TEFE1~ E:'I F ILT t i  HriD PEpiRMED YFILR 
FD HEBflB YF1L.B L.F'I:I~CI~I~II:I, 
F I L T E ~  IIH~~IF~~ LPijc41:II:;[I0 II!I TH 56% IIIEII~CIT?. 2 PH~~D.; 
I'~?I)F : HMF I_ I PII; FF'EOIJEpjC 'y I 1 5 I:I il. i l  i~ I:, i; H;. 

~ ~ f l p i  I:i.[I Ti? 25,l:l IIIITH fl IGfiIt? GF ~.I:II:I[II~ 

FF'OM 50. [I TE 350. 111 IdITH H 1T;RIPi OF 11.'111 
1 I' T p I  ? - qrl;EF'THELE'? . HN,;I,IEF' YE'!. FlO. 
'j' 

IP~FI-ILTE F'ESF'nrJI'E 1: [1,15<?i$~?hE-1:12 -i1,2;;;:;2~2;;;E-(l:? -II,~~~~~~~?I-I:I~ 
I - 1 ,  - 1 1  - 1  - 1 - 1 1  I ,  I -  Cl, 111,5'415E-11; 

111, 4 j l :3'3 1E- 1:12 I:I. 74#5:;-'5E-02 (I. GC,~: ' : :~ :~ ;F- I .~~ . . I:I, '?75944<-0,2 !:I, 71 qc,>a;;~- l j ~  

1). l c , ~ 1 ~ ! ~ ~ - 1 ! ~  -1:l. &~~I;I;~IE-I:I; -I!. 1442~:~$,7E-~:~l -1'1, F:>,,$271€-1:[1 -111 . L :,g -1 > ~ , l k ~ - i l l  - 8  ,- 

- iI.,24?954E-<ll - l : l . l 47~5~ : :E -~1  (I,,Z:::;~;~,~,[IE-I:I,~ I:I,~T~,;:~,;E-I;I~ [ I , ~ , ~ ~ ~ , ~ ~ E - [ I ~  

111. f:o~,D,?4~E-l:11 1 1 .  11&14$.E+l:l(l 0. 11:;567E+1:11) I:I. 14'3i4E.E.+01:1 1.1. 14q14e,E+1:11-1 
I I I I  I I + I I  1:1.:f:5:1:1242E-i11 I -  I:I.,?:$="-*" -tLb :,t.- 1'1 1 
il. L = ~ : ~ , ~ : ~ , ~ , l ~ l ~ - i l ~  -TI. 147:!5:;E-(11 - i l ,  ;42554E-1:11 -I;I. z6,1:71zE-i11 -[I . t . t  z8:>4: L? l~ - (~ l  

-1:1.14'%I::~.~E-1'11 -l:i.E1'3(17I:lE-~~ 0.163128E-1'12 I I : I , ~ ~ ~ Y ~ ? ~ ~ E - I : I :  
I - i  . -' -I I L I-# . I : I . ~ ~ # E ! ~ ~ E - I : I ~  U.4'31'::9tE-Q2 I ~ I ~ ~ ( I ; ~ ~ ~ ~ ~ - I ~ I ~  - ( ~ , ~ ~ ~ ~ ~ ~ ~ : l f ~ - ~ : l , ~  

-1:I. ,?'34,?1'jF-ni -111. !:3,2659E-0;: -0. ,?8Em4.:;::E-i1? -0 .  194:345E-1:12 -1.1. '?:::_:~,~P?E-(I,:: 
- j - I  il.15m?4'2c,F-~:(2 

1:IIJFlriT IT'.( I.rAtQED\ HEHIIA FF'IIM < I .  I! . T O  ?TII:I. 0 AT 2 .  i l I'1::EC INTEF'ls)Hl,:; 
He'! E:EEi'i FILTEF'ED Ej ' i  LF'~IS~:IO~II! nl.irl F'EFiANE11 HFILE: 
TP HEHDH. 
1:1. 1 0. 2 1:10* 
FVF 1111-141+TIT',I" IiAIIED HE9118 FRrJFl I I  0 I : I I  T ~I:I.I:! 1"15.E!: Ip ]TEF1s,?~~, :  
$ 1 -  
82 HI-I-lE ? 4PE 1 . I~I I:I 1:lT F: F: 7 1. 17::;18?4 1. 7;:1e.j142 

4 > , = a  il t: il .=: 4 . L. 3-8 . ,-' . - 11.'?44047 1E:.c,f:Tj 15 2: f:. 45c,772 
:; 1 . ,,$c tc; i l  1.; 4;;. 45,24.-':; 7:. 143-11 1 s-. -I.:,. I!: -.-,:,c7 ,,-, t i  4 
5 1 . e,'+,=,? ? . :;c,. c, i4i~i! ; : :  - . , .I :, -1 ,:# t ;? . 6, (I 1 e 7 1:l :! 1 P 7 E .-a C 8-4 .' 

11.156c,;7 ,2 1 , 4 14.::p :: :39. 48::555i: :::4, j 1 I I ~ + ~  

7 ::: 1:Is ~ $ 2  1 4 i. :,,a . . C' .. 8 1 .: -8 q .. 7 
TP HFILl i .  . 1 [I . > I:) 111 4 

FOP ~PI_lliHTIT",.' tlHP1ED hF1LH FF'OP1 ll,l1l TO Ll:ll:l.!:~ Q T  l l . ~ , l ~ ~  kl'.E!: lPiTEP'~/fii..~ 
' , ; .~Ll jE.~~ QPE 1;~ • 1 ;; ,; LII 3 -.a 7 4 ;? 1 . .32fiI(I7<,1 1 , 5 (lye, l:lL=.i? 

1 =, 2 1 (I,:, :# 
. . 4 . 4 1 ;. 4 ::;:;: (I 1 1 . 7.3 144 I:! ,_' . $ _ ,  . _( _, d::. 1144:=;e,1 

:: (I . 3 I! 4 I:I 7 7 44. 7511p14 54. 1 :; i~<, 5 7 .  ::841,'1 
4 #? , { ilt2 .:, ;- =, . - ::;. y~:~l: ly 1:::. 144'33'3 , a ,  54 I;= :j !; 
1 1 . '3<. 1-16 c, 3 3 0 , 4 4 ~ ' > 4  2 ,-, 1 4:;; . .3f, e. fiS:T, :::I, 714~ ,15  
?!:I. c;41'1773 4. 11:318;C1 

T F '  HFILB. 
i d q  1 [lq 2111i14 
.Iflq ~;ll-lHpiTIT',.' f.{AI~lE:D HFILE FF'flpl i1.1:1 Ti] ,~I~I : I . [ I  R r  ~ I ~ , I : I  PI:EI: Ip{TEk"a;QL; 
!,?el. I,.IE,: f i @ ~  I:I . 1 :: :? 2 '3 <, ::::3 1 . 3,3= I:I 7 :,2 1 , 5i15$ I:I~II'I 

4. 4 1 ,!:4:'6.5 11 .~ ' , 31422  1 ;:: , ;:; 1 1:1,3 5 7 :, :, 
L ., . 1.144::: 15 

:: I:I . :: [I 4 (I 111 1 4 4 . ; :;; il )_( ':, _ I  $:; I _  54. 17'32::: 0 7:;. 3F;4(17?> 
4 3 .  e, l:l'? I:;*? j ; ,  5E.712'3 ] :_'. 144'3-14 3 '"1 54 355' j  1 
11. 9<.11t34: 2 1'1 . 44 L I . . .  : , 7 0 5 ~  4.3, '35,<,=; 5 7  'i: 1 71 4 4 ~ >  
7 I:! . E, 4 ~IE,  1 (:I 4 , 1 1 ::: 1 5; [I ,:: 

TABLE 15 .  SAMPLF INTERACTIVE SESSION WITH THE F I L T E R  DESIGN COMMAND 
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t?~: HFILA HFILE: BIFFH. 
I11 , 1 I, I , 2 [I (1 4 

~::il.lsri 1 I T'.i' NFIIET! tip I LR  M I  l.il..!i: QI..IPPJT I T'U' NHMEII HF I LP REPit7hEr1 11 IFF  A 
TP DIFFFf. 
I! 9 1 I:I 1 $2 I:I 0 4 

rQp  i;:I.IAp{T I T'y pAfiP1ED D I FFR FFOM 1 .  < T I ,  [I T 1. 0. 0 Pl'TEC. 1 I.iTEF"ejfiLS. 
I,,' A L 11 E '.I fi F E I : I . ~ ~ ~ C , < I ~ ~ , ~ ' ; E - I : I ~  I : I . ~ : ~ : ~ ~ ~ [ I ~ ~ ~ ~ E - [ I ~  [I,~;:;$~~I:I~;:~?E-I:I~ 

6,114441:142E-I:14 I I : l . 4 ~ ~ ~ ~ s ' ~ ~ ~ ~ ~ - l : 1 4  I : I , ~ ~ ~ ~ < , , ~ ~ ~ ~ E - I : I J  
, 7 I. bL ,- 11 (3 -. .a -. 45E- (14 [I, 7co243'34!5E- 1114 I:!. 7EazS3:3P4C;E- 11'4 111, '3 1:;527:34E- 1114 
, 

= 7 -? .- -, ,- - - 
,-I I. I. t,.:,t,Idt-~:~4 0. 7fi2'339.1';E-04 1:l. .lfr776:3&7E- 04 13. 1 5;5rIi7!?83E-1)4 

I - I  0,4577(,:3C,7E-1:14 [In45776367E-[I4 I : I . ~ ~ ~ [ I ~ [ I ' ~ ~ E - I ~ I ~ !  
1:l. 1 (,7'::4<,(,;::E-[l'3 6 ' -=-.- ,, t, , .-I < ti [I 2 E - [I 5 

P!I: HEtiDA HFILB I l IFFE.  
1:1 , 1 1:1 , L? 111 1:1 4 

lIcl_lfit.l'r I T'I.' T.{nI'lED YEFtIlH 111 1 VI-l',1. 17I_lRtiT I T'Y' tJGMEl1 HF I L H  REl.iHME:D D I FFE: 
Tp 111 FFE:. 
I:I 1 <I , 2 [\ i;I + 
FOF;' I:IIJHV~TIT'{ p{qtdED DIFFE: FFOP1 I:I.I:I Tn ;i:Ii~,l:! PT ~ I : I , [ I  P1::El: IriTEplv)Fj~-,~ 
!,!HLl-iE: APE \ I:I , ;;: c,? 3 5 1 L? 1 . - I:! . 1 5 1 1:; 51 6, .F IrI I:i , 2 111 111 !:: 1 1 !: '3 

.-[I. 1 ?1cj7-37:; [I , 4 1 2 c, 7 1 '3 -I:I. 1~'31:::420 0 .41  1'31 11:11 
1 . 16 :: 3 5 7  - 2 , :; 2 7 6, (1 - 1 . 1:1 35'3'355 - 1:1. :r43=813<, :; 1 
2, ,:, - 1 c a-: .-, i. . a - t I  .-1.3c - 1 , 1;14.3 1 r3;-c, 1 , C ,  [I::! 5 '? <, E: - 1:1 . 03 4 1 $3 1.1 4 I:I 7 
2, l ' ~ ~ , l ~ l 1 4 4  i l ,  ,371 542'1:c, ' -9 . 54 1 0::: III'? I-, .- i, :;I+, > 7 7 < ,  
7 ,  4 1 5 4  ><,,? $5 5 , <* '3 5 !:: 1:1 1 

T A B L E  15. SAMPLE I N T E R A C T I V E  SESSION WITH F I L T E R  DESIGN COMMAND 
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********  CHECK CF FILTERING R O C T l N E  

1 
6 

11 
16 
i 1 
2 6  
3 1 
36  
4 1 
46 
5 1 
56 
6  1 
6 6  
7 1 
7 6  
8  1 
8 6  
9 1 
96  

1 0 1  
1 0 6  
1 1 1  
116  
1 2 1  
1 2 6  
1 3 1  
136  
1 4 1  
146  
1 5 1  
1 5 6  
1 6 1  
166  
1 7 1  
1 7 6  
1 8 1  
1 86 
1 9 1  
1 9 6  
20  1  
206  
2 1  1 
2 16 
2 2 1  
226 
2 3 1  
2 36 
241 
2 46 
2 5 1  
2 56 
2 6 1  

TABLE 15. 

U N F I L T E E E C  FTLTEHEC SHOULD B E  
SIGPhL S I G N A L  

SAMPLE INTERACTIVE SESSION WITH FILTER DESIGN COMMAND (Page 8) 



2 6  6 1 .441257  -0.398361 -0 ,3901  12 
271  -1.994592 -1.081567 -1.071262 
2 76 0.!00124 0 .315174 0.31 9363 
281 0. e 0 8 5 1 3  1 .609568 1.80E974 
2 86 2 .  €6E35E 1.685326 1.687551 
291 -0. CE695P 0.824296 0.836551 
2 96 0.517376 0 .8e5561  C. 885836 
30 1  0 ,706417  1 ,430806  1.41 4225 
306 2.  ?5ESCE 0 ,770465  0.803236 
31 1  -1 .115406 -0.708665 -0.733175 
3 16 -1 .E73614 -1 .014369 -1 .0688?8 
321 0.587C21 0 .081084 0 ,587675 

FREQ'JENCIES N C R W A L I Z E D  TO SAMPLING OF 800.00 HZ. 
2BANCS: # 1 (1 9 P 

F F C A :  0.0 C.1COC 
TO: 0.050C C.5COC 

GAIN: 1.OCCC C . C  
56-LEhGTH OF F I L T E R .  B E L O 9  IS ITS IPEULSE RESPONSE 
0.15949eE-02-0.2€4CC1E-03-0.9U~200E-C3-0.194844E-0~-0.2~6429E-02-0.332658~-02 

-C.294218E-Ci-0.146291E-02 0.10E41!E-02 0 .4313892-02 0.74b823E-02 0.963327E-02 
0.975943E-02 0.714E93F-02 0.163129E-0~-0.b19068E-02-0.149067L-01-0.224270E-01 

-0.263212E-Ol-C.i42554E-C1-0.147253~ C.2886582-02 0 .27b263E-01 0.55162CE-01 
0 .880241E-01 0 .116146Et00  0 .137567E+00 3 .149145Et30  C,149145E+00 0 .137567Et00  
0 .116146E+00 C. € E O i ~ l E - O 1  0.571620E-01 0 .276263b-01  0.28865EE-02-C. 147253E-01  

- 0 . 2 4 2 9 5 4 E - ~ 1 - C . 2 6 3 i l i E - 0 1 - 0 . ~ 2 4 ~ 7 c E - c ~ - 4 9 0 6 - - . b Y 0 6 - 2  0.162129E-02 
0.71 4693E-02 C.975943E-02 0.963327E-02 0 . 5 4 e 8 ~ 3 E - 0 2  0 . 4 ~ 1 3 d 9 E - 0 2  0.1Ck413E-02 

-0.146291E-02-C. 2S4;l@E-C2-C.332658E-C2-0~~86432E-02-0.194844E-02-0.983200E-03 
-0 .2e4001E-03 0.1E949EE-02 

0  
0  
0  
0  
0  
0 
0  
0 
0 
0  
0  
0  
STOP 

TABLE 15. SAMPLE I N T E R A C T I V E  SESSION WITH F I L T E R  DESIGN COMrlAFlD ( P a g e  9 )  



C P.  
l r 2 1 ) 0 . t 1 *  
TR N?Nc. 
9 * 
T 7  T E S T V .  
l r 10. t 2 3 3 . *  
WF. 
l t Z *  
PI) HEA9.I. 
t , ! r 5 .  r2COo' 
Vd C H E S T I .  
6 * b r 5 0 1 2 ' I O * *  
M O  H I P A .  
b v C t 5 .  t 2 2 3 . *  
Y O  F C t I A  U F P t R  T O P S C  S li lJ 
4 . 3 ~ 5 .  , ?CO. *  
M O  U F L T A  UPPFR T U R S U  d fLT  
4 9 7 5 1 ' e  1 2 3 3 . 4  
W i j  LOhF K A .  
1 1 , 4 , 5 ,  , 2 3 O 0 *  
M O  UPPTFA.  
1 1 ~ 3 ~ 5 .  ,230** 
R F  T E S T V .  
0.. 1 0 . r L ~ 1 1 . 1 2 , 1 0 , 2 , 2 *  
F C  F I L T A .  
D 
POO. 

2  
1 0 .  
A 30 

1 
Y 

3 3 
N 

I r)O 
Y 
Y 
~ Q O *  
Y 
: 0. iOOo 36. 

h 
30. lr~L7. 1 5 ,  

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR 
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S 
FO HEAnA H F I L A  F I L T A .  
Y 
T P  HEADA* 
O * I O * 2 0 0 *  
TP H F I L A .  
O * ! O t 2 3 0 *  
M C  H E A D A  H F I L A  HFILC. 
0 * 1 0 * ? 2 0 "  
'To HC:LC. 
0 * 1 0 * ? 3 0 *  
Q'! TESTV*  
3 P  HEADA C H X T A .  
!00.,!0. r15i). 9 F . o  * A O O . r 1 0 . * 1 5 0 ~  r 5 r v 1 0 *  
U 2  H E A D A  CHkSTA. 
140~~5.~!40.~5.t20~.R1~1ti~Z* 
FC H f A D A o  
0 o v 5 . ~ ? 0 0 e * 5 *  
S L  FCHA FCI4t.A. 
! 4 3 .  9 5 . 7 2 0 . J .  * 
CH H E A C A  Y I C A *  
5 1 5 r . Y 5 *  
CS CHE STb SIA.  
O a r  5 0 9 ? l ~ 0 . *  

C G  CHESTA YS IA .  
0.95. ,200." 
C?' H I P A ,  
0 . *293 . *  
C I  F C k ' A 4  FCHAA 1. 
1 4 0 .  ,2,lS.* 
C F  HEADP. 
5U. 5. 9 1 5 0 .  * L *  . 
T' I  t4F41.A. 
0. + 5.12COe * 
" 4  T E S T V  TESTV?. 
2 * * 2 * * 1 J . * 2 ( ? 0 . *  
LC C t i F S T 1  H I P 4  (LC. 
0.15.1 ?LU. 1 3 .  * 5.' 
C V  'AIPA Lt iESTA. 
FY  LrJWTBA U P P E R A  VFL .  
0 . ~ 5 . ~ 2 C 3 . *  
SL HEhPA HEADC. 
- 1 0 0 ~ 1  >p?~,)O* 
To  H E A I ) C .  
O * l O . l O C *  
S Z  H E A C A  H F A D I I .  
1 ~ ? 3 ~ 1 ~ ~ ! , ~ 0 *  
P S  HEAD?. 
M C  AE93A CHESTA D I F F .  
0 1 1  l ,Z ')7* 
TP D I F F .  
O , i 0 * 2 9 3 *  
F I A Y S M .  
0,1?13 ' !7*  
l . 5 * S M H E A O D + $ O H E A U A / d V S A l 4 F  I L C r r Z - D I F F - S F  
TP AYSV. 

TABLE 1 6 .  SAMPLE BATCH INPUT,  BATCH AUXIL IARY OUTPUT AND REGULAR 
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1 2  1 0,10,200* 
123 SP PRI N T  P O L A R *  
12 3 e 2 r e 2 v  e 2 *  

1 2 4  PO HICA S I A e  

125 l g e *  
1 2 6  PQ S I A  HEAOAPKe 
127 4 6 . q  
1 2 8  P6) MSI A HEAI)De 
129 8 2 r "  
130 P Q  HIPAEN HlPAAX. 
131 118.8: 
132  PO FCHAAI  S I A *  
133. 154e*  
1 3 4  P a  H E A D A P K  t iEADD,  
1 3 5  2 h 2 * *  
136  PQ HEADAAV H E A G A P K ,  
1 3 7  298.h 
! 7 8  P Q  V E L A X  VELEN. 
I? 3 ? 4 r *  
140 P P *  
14 1 S P  P R I W T  PHASE.  
t L 2  1 0 0 * 1 0 * , 0 e  t15000. *  

P C  FCHA CHESTA, 
! 4 3  P O *  

144 S P  P R I N T  CAR?.  1 4 5  
146 200. r -1000e * 6 0 0 * *  
147  P C  V f L e  
148 P C  \ IPDERA, 
1 4 9  P P e  
150 SP P R I N T  D E V *  
15 1 2 0 0 * ~ - 5 ; 0 0 a ~ 8 0 0 0 * *  
1 5 2  P C  RELTA H E A D A .  
1 5 3  PC C H f  S T A  HEADAe 
1 5 4  P P e  
1 F  5 P S  C C C e  

I N 0  OF F I L E  

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR 
BATCH OUTPUT (Page 3 )  
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D E F A U L T  F I N A L  T l P ' l :  I S  L E S E T  T C  2 C O . O  M S i C  
O U T P U T  O ~ J A l u T I T I t S  F i l F  T I i I S  PUN A K E  I N  M E T K I C  U N I T S .  
L p r ; I c n L  D ~ V I L E  N U M R F F  F O R  T E S T  D A T A  IS ,J 

T E S T  ( ! I I A \ T I T Y  P r A Y h r )  T I i S T V  rFj.l~l 3.0 T O  2130.0 A T  1 d . O  M S i C  I N T E R V A L S .  
V E X 1  Fl!lJi! 1 I U I  S  Cm3luTC I h  Y I ~ D E C  E L J k  D c S C I *  I P T I C N  

! i t i S  * \ A S E L I ? ! ' a  5 O T h  H A L [ .  L ( ! L I S F  h i i C K a  A P P l r O X .  U L L )  LO IJO.31t l  
SO'!. L O U S F  h t c . ~ .  C ~ J C  ~ T . ~ P L K  S T .  U A C K  S E A T  S E A T  AND FCCIUR 
Q E 4 F  3 0  ' l f ' i i  L A P  n r L T  M V M A  2-09 VCR.  3 
? C T  28, 1 9 ' h 2 3 : 3 3 : L ?  
Q L I A N T  I T I K S  t ' O M  T H I S  ' I lN A R E  I f +  Y F t P  I C  U N I T S .  
' I Y A L  T I " C  k i C ( ' 9 T ) E D  I S  2:IO.U M S E C  T l ' l E  I N C R E M F N T  I S  5.0 ',4SEC 
A T T I I k L  N l l k \ i i E i :  O F  P " I V T S  I S  4 : .  PlllMF,tR O F  E L L I P S t S  - 7 ,  O F  L I N E S  = 4 

3 F  c i : r ; l ~ ? L . r S  = 5 ,  :1F I I I T F ~ A C T ~ ~ ~ I S  = * 
lJ1\1r 7 L T E I ? F ' [ )  A C C E L S  H E  II !> F t S I J L T N T  

Y03EL [ J ! I P . ' d T I T Y  : d A I ' F l  t l ' 1 ! C . 2  FkL.'! 0.U T I1  2Od.G A T  5.d M S t C  I h T k k V A L S .  
I ! F : F ! L T F P E I >  A C C C L S  C F i S T  I ' E S U L T N T  

u C 3 E L  : l l J h ' \ l T I T Y  ~ v A V E ' )  C l i E S T A  FP . iM  0.d T ( 1  23iJ.3 A T  5.0 C l S t C  I N T E i \ V l r L S .  
IJF.FIL?I:F ~n A C C E I . ~  14 I P K E S ~ J L ~  N T  

H n I l E L  3 ! l d b l T I T Y  k 4 A M C 7  I FPs lM 0 . 0  T C  200.0 A T  5.0 M S E C  I N T C % V A L S .  
E L L - L  1 N : l J P P F F  T;IP S ?  V C  SD\I  NM F O K C f  
M n O E l  O l J i l V T I T Y  rd4 '1FO F C Y A  FKIJM 0.3 T!; L G 0 o 3  A T  5 . 3  M S E C  I N T E i ; V I L S .  

D E G K t t  Z F I T  
1 - 7 5  
2.0t-j 
2 r k C  
2 .  7.) 
?. JC> 
3.JP 
3 . 7 ~  
40 J j  
4 .  75 
/+. hl- '.. 51 
5.3, 
'i . C, " 
5 . '. .7 
5 .  3J 
h.62 
h .  9 5  

D E C S t i  3 F I T  
i . 7 5  

I ' 1 ;  :+ F I T  D r G 1 ; f E  5 F I T  OESkci b F I T  9 .  ' E k 7 F I T  
1 5 .6 . '  50  26 5 . 2 1  L . L L  
7 L 3.45 ?. 36 1 8(1 ?.hi! 
2 2 .24  2 .  67 ; .c,c,  L.(,h 
4 1 . 3 9  1 . 5 7  1 . 7 5  1.7. 

T A B L E  1 6 .  SAMPLE BATCH I N P U T ,  BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT ( P a g e  4 )  



I E G F  El: 9 F I T  
5.7! 
3.01 
2.57 

! e b 7  

1.1* 
3.')9 
1.21 
1 - 7 6  
2 . 5 9  
3.65 
4. d 4  
6 .  1 2  
7 . 3 2  
P. ? 4  . I> 0 
0 ,  ? 3  
- . c ?  
D.25  

D E C P f t  1% F I T  IIE $,n E F 
5.2t 
?*t ' l  
2.62 
1.73 
1. lt: 
0. 58 
l . l 5  
1 - 6 8  
?. 53 
3 - 6 3  
4.89 
6.19 
7 . 1 ~ 3  

P.4d 
9. 05 
Q. : 5  
3. YF. 
d o  2 3  
7 0  1 3  

5.01 
5 00 

TABLE 16. SAMPLE BATCH I N P U T ,  BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT ( P a a e  5 )  



FlLTFQ Y 4 G Q I T U 7 i  Q E S P O N S E  S P E C S :  
R A Y 0  L'lkFH UP PE W G A I Y  H E I G H T  

1 9.9 40.3'321 1.0050 1. )Or)'.) 
2 Q9.003 LOO. ;lJ 0.0 Om 34599 

IS T H I S  C C C F P T 4 3 L C ?  

F I L T F 9  LFNGTH'? ( ! <. .. <1;9 I 

F lYITC 1'1Pl11sE * L S ! ' C r . S t  ( F / P )  
3 4 Y D P 4 S S  F l l .T i ' [ :  

F I L T r F  LTbdl;Tt4 = 30 
G R I D  D F f v S I T Y  = 6 6  
bli3. 1 1 F F A T I 1 2 J S  = 7 
T n T A L  D E V I A T I ? N =  0.131151557 DR  

CAN[) 1 BAND 2 6 A N D  
L O W F 9  FP(;C ( k 4 7  ) 9.15 83.0000 
LIPPER ED!;F ( * L  ) 490 300(3 405.U00 
@ESIQ.Fn VPLLIF: 1.00000 0.0 
W E I L ti T 1 '! '.; 1. J )OOO 0. 345Q1?3 
DEVI4T I:3Y 0. 13il52 -27.13611 
D E S I  F En O E V  I A T  IUY '3r30;007F-01 - 4 0 . 0 0 0 9  

S A M P L  I NG F R F Q ?  
L ? G  S C A L P '  

TABLE 16 .  SAMPLE BATCH I N P U T ,  BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT (Page 6 )  



7k.FF2 
70.621 
RF.O!C 

' 9 0 . V ! Q  
96 . c9L  

' . 3 ? ~ * ~ "  
113 .634  
1! '*! .57 
!?$.1Ql 
13L.772 
14? a 9 3 7  
1 5 7 . 7 2 5  
lbLe!  7P 
175.142 
187.2t.h 
2COeTIG'l 

L O G  S C A L E ?  

R E G r F N P r P O I N T 5 ?  
? 0 * 0 3 0  0.13 
7 5 e 0 1 > 0  313P 
4 0 e P 1 0  -0.1' 
4 5 , 0 0 0  -0 .61 
50.030 - ' . 4L  
5 5 q P 0 3  -2.77 
bC.03S -L.S1 
6 5 . 0 0 0  - 1 . 2 ~  
7 0 , 0 0 3  - 1 1 0 S h  
75.003 - 1 6 . 7 2  
80eP03 - 2 7 e ! L  

85.393 - 3 k . 4 3  
00.030 -27 .33  
Q5eD09 -2R.74 

1 0 0 . 0 3 1  - 7 n . 6 7  
L O G  2 C P L E 7  

UANT TJ T R Y  F O R  O E T T t R  F 'FSIJLTS? 

TABLE 16 .  SAMPLE BATCH INPUT,  BATCH AUXIL IARY OUTPUT AND REGULAR BATCH OUTPUT ( P a g e  7 )  



E N T E R  C O V ' Y A b i D :  ( @ E L  [ ( ;NI C E N F F A T E  OR S A V E I  

4 p  F T H E Y  C r P T A B L E ?  

HOW tAhr\!Y CPYDII'4EkTS A l ' t  3 E S I R  FP? 
C ? Y P L b r E f J T  tt 1: W H A T  F F F ' J *  ( H 1 ) 7  
C O Y P T h l F " u  # 2: dhAT FPEO. ( H I ) ?  
C C ' 4 P L b ' F f l T  # 3:  W N A T  F C E O o  ( H Z ) ?  
coYPcy:FruT 1 4 :  WHAI FFELI. ( H Z ) ?  
G l I Y P [ ' h F Y T  ~ 5 :  NHAT F k E O e  ( H i ' ) ?  

M I Y I f + l J V  S A M P L I N G  A T  4 ' 2 0 e 0  t i 2  
E N T E R  O E S I P E D  P P T E  { H Z ) :  

C L I M P C S I T  c l C N A C  1 3 2 1  P T S )  GENE'P.ATFD FkUM 

N O T I C C :  ------ 
C O Y P S N E U ' T  5 H A V E  c r L L i l d I N ( ,  F ~ C L ' L I E N C I  E S :  

I N  l l r F T 7 ) :  1 . 0 3  7d.JL7 35.00 35.0tJ  ?uOr  L 3  
N Q R ~ k L I f t ? :  J .  ~ 3 1 2 5  J.OZEOn 0 . 5 4 3 7 5  0.1 1625 3.25GCS 
W I T H  S A ' d P L i N r ,  A T  3d3 .01  HL. 
I S  T F F  1. j3 I ~ L  C ~ : Y P O ~ ~ N T  I r  T C ~ I D E I :  113 b t  F ! L T F Q E D  \ : U T ~  
I S  TPL-  4 3 .  75 H L  CCI I 'PChFh!T  I Y T F \ ! l r [ ,  Tn 13: F I L T L k T I )  OUT? 
I S  T t i :  ?:.a0 H 1  C C U D 3 l , t l J T  I \ T C r ! J E L :  T  J r \ E  F I L T E v t u  ( ,LIT? 
I S  THC YK.I:O V Z  Ci14' iJi ;hCFlcT I U T f  hD-11 TI1 d i  F I L T t r ; t D  [ : I T ?  
I S  'tit I ! ;UenO H L  C C ' 4 P l ) I u t C T  I P v T E N @ i D  T 1  G E  F I L T F Y E D  Z ' i T ?  

S I C N h L  I W P T S =  3 2 1 )  HCS SECN F I L T E P E D .  

E N T F h  YREr; ,h iE i . l@t N S K P  F O R  C U T P I I T +  13k F,CTCIPFI Td E X I T :  

E N T E F  C l l M l l A ~ r ) :  ( D F S  I G b I ,  GFFIEL A T E  r l R  S A V E 1  

TABLE 1 6 .  SAMPLE BATCH INPOT,  BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT ( P a g e  8) 



F I L T F K  F I L T A  +!AS H E F N  E Y T Z H r D  
F I L T F P  N 4 Y 5 n  F l L T h  W I T H  !O h C I C I ( T S ,  2 3PNDS 
Y O i l F  S A 4 P L  I I J ( ,  F R E O O W C Y  I :, 2il~i.LdC:O H Z .  
FR0F.f 3.0 T I ?  l O o 0  w I T t I  A  L A I N  D l  1 e 0 0 0 3  
F R I ) Y  ?0.0 T I '  L00.0 h T T I 4  A ( ; A I h  0.0 
I S  T d I S  A C L t J T A P L E ?  A I J 5 W C R  Y E S  0" FULe 
I Y P L J L  S C  R E  FP\!NSf I S  0 . 2 3 3 5 ? 0 t - 0 1  9. l O l i 9 d f - i ) i  - 00339815F-0 .2  -0.11594btL-U1 

-0.1 Q i 1 7 5 t - 0 1  -0 .2+7RlBE-01 - 0 0 2 5 2 0 i b E - 0 1  - 0 . 1 8 3 6 2 ~ E - 0 1  -3.210167F-02 
P e 1 2 2 0 5 3 C - 0 1  9.52Q321E-31 0 .863425E-01  0.116917C+C3 01 1 4 0 7 9 1  t t 0 0  
3 . 1 5 3 9 0 6 & + 0 0  Qo15~RObE+GO 0 * 1 4 0 7 9 1 E + 0 0  O e 1 1 6 9 1 7 t + 0 0  3eR60425E-01  
0.52Q32l.F-31 3 . 2 2 1 9 5 3 i - 9 1  -0 .210167E-32 -0 .19062c t -01  - 0 . 2 5 2 0 1 6 t - 0 1  

-0 .247818 ' -31 -3.!Q?!75E-01 - 3 r 1 1 ? 0 4 6 t - 0 1  -3.393815E-02 S . l U 1 1 9 8 t - 0 2  
9. i 7 3 5 3 Q F - 0 1  

I ) I I * l t d T I T Y  hAYt-0 HEA'IA F f i C i M  b.3 T G  200.5 AT  5.0 M S E L  I I d T E K V A L S  
H A S  R C t b d  F I L T C E F J  B Y  F I L T A  AhU P E N A Y E O  h F I L A  
CCJD Q l l A ' d T I T Y  h A Y E D  Y E P P A  F R C Y  0.0 Td 200.0 A T  13.0 Y Z E C  I N T E K V G L S  
V A L U t  S A a E  0.9Qc9S926 0.33393616 0.4bJL5@68 

2.6727357 4.3564736 7 . 9  3 9 8 3 3 6  5 .74 i7C02  
1 2 , 7 4 5 1 ~ 7  9.3281813 30.667543 13 .937942  
33.141571 30.671356 77.183960 05 .537796  
1.49'1506 3RebPOl15  7.G73954 1 2 3 e 5 4 0 L 7 1  
5 .5461570  7.7674675 

FIIR d 1 J A N T I T Y  r \ lAYCr )  H F I L A  FFC:M 0.0 T O  200.0 A T  !<J.O 4SFL I N T E n V 4 L S  
V A L l l F S  A R E  0*!4;9P2Q3 Oe 5 8 3 d 3 9 2 4  1.2‘ tc)2^0? 

2 . 2 7 3 Q i 4 t  3.6R4?052 5.4825C96 7 . 5 8 4 ? 4 8 5  
1 0 . 3 3 6 1 5 2  l r . 2 9 6 7 C 5  10.74385 1 Lore) Lrir.47 
?!.9!ih37 39.439482 41. 455795 60.6335Hf l  
76.  h57CR0 3 O . d l l S 3 5  24s 1C3573 17.032274 
q . 3 2 3 8 6 0 2  1 . 0 9 5 0 7 t 6  

O U A h l T  I T Y  N A Y F P  Y E A D A  Y I h U S  (3UAi.4T I T Y  N A Y k D  I i F l L A  2 t l u A P l i D  hF I L L  
FnR Q U A N T I T Y  N A M C O  4 F I L C  F F f M  0.0 T O  230.5 A T  10.o M b t C  I N T E R V A L S  
V A L U F S  C Q t  t OeP5Q01h36 -0 .24330100  -0 ,57933959  

'1). 37996C 6 3 Or 6 7 2  1 7 4 k 5  2e457324c)  - 1 . 9 4 2 5 4 * 4  
2,&3P3745 -1.. 478593"  19.323492 - l L . b 7 d o 3 5  

-00 6 7 1 0 F 6 2 "  -5. 7 ? q 1 ? 6 0  35.228165 24.704208 
- 2 E .  1 5 4 3 4 5  7. P t ~ Q 0 7 0 6  - 1 7 ~ 0 1 0 0 1 U  br 3 3  7 9 9 7 4  
-!.777633! h e  l 7 Z ? Q 0 9  

F O P  0 1 I A N T I T Y  hAllE3 T C S T V  F ' F A S U R E S  ARE: M I 1 4  = O.U 9 M A X  = l U . 3 3 3 J  
M E P , h !  = ';.PIC), V 4 2 I A P I C F  = b . 3 Q E ? v  YUDE = 5.3000, Y E D I A N  = 5.0303 
F O w  ' J I I A N T I T I ~ S  'dAi4Cl) Y E A C A  t t N D  C H E S T A  
P t i 4 b F  f I I F R E L Z T I O h  C F F F F I C  I c P l T  I S  0 .741J 
S T I L T  T I Y F  F 3 P  F I F j T  R I I C ' J T I T Y  I S  17.0.0 A 1 4 0  iL7F S E L S I ~ L )  I S  140.tj M S t C .  
S T l L T  T I M €  S H l ' T E l )  F 9 3  L1.3 TLI 143.0 Y S E C  
F [ l L  ( . i I A I I T I T I " b  ' 14h 'ZD l lE4! 'A A Y D  C V F S T A  
4 t 4 P L I T I l O F  C l c L t L 4 T I i ' i  C T I E F F I L I F N T  I S  O r l R 5 f i  i i T H  F A C T I H  OF l . i i ' ~ 3  
F I ' D  (JtIAF T I T Y  ' L A l 4 t i )  HEALA FIILJR I L K  C O E F F I C I E . N T S  A h E  14.691 

- l t . H q L  2.55t1 -! .2P? - ? . 5 F >  3. 492 - 1  003:t - 2 e 9 J 7  ? 0 1 3 0  

- 1 . 7 7 0  -? ,  ?0 7 
S T A + T  T I M r  1 j  0.3 I I V F  I N T E h V A L  I $  5.0 P t P i O n  I S  ,)0.v M ) L ( .  
\1UWPr_R rli- I i k > ' l [ i q l < S  I S  5 F l A S I C  FHE.UUE. I ILY  I S  5 0  1633 C P S .  
F T A F T  T I Y ~  SI I IFTCP k h r m  O.J T(I 140.0 M S E C  
Q \ J A ~ ~ T I T Y  P I L ' ~ ~ I )  t C t i A  , L T A ? T I " . I ,  T I M t  S H I F T E D  F W G M  0.J T S  !43.0 Y ~ l . t i  
Q C ~ J ~ ~ F I I  rC11A4 
GfJQ O ( j A h I T I T I '  " ' i ' " t l 1  i l E A O 4  H. ! rCo I N C E X  = 5L4.L k 1 1 1 i  T l r T L =  J.!)IL, ~ J . 1 7 5 3  
F \ P  M \ J A P l T I  T Y  h l tb ' c7  C H t S T , f  F R L C  0.0 TI? 2UOeO A T  0.0 MSEC I N T E P V A L L  
S E V E P  I T Y  I t J p F K  H A S  V A L l l E  116.0337 
F U Q  O ( J 4 N T I T Y  ' I l f 4 C ! J  C t i L S T C  F F l  M  0.d T C  2GU.0 A T  0.0 P S C C  ! U T E I ' V f q L S  
M [ ~ l ] I F  I F 0  c r  V F P  I T Y  I Y ' ) t T  t i  A S  V A L l l C  5.5161) 
Y F l l  NAb4ES 4 i . F :  t i I P A 4 X  I - I P A I P  H I P A E N  H I P A V K  H I P A L F  H I ? A I ? I )  H I P A L "  I ~ I P A N Y  
F [ l P  T J I I A N T I T Y  NAFulFI) L i I P A  M t A S l J P C S  A R t :  M I P I  = 0.4301, P A X  = l t . 3 7 5 s  

T A B L E  16. SAMPLE BATCH I N P U T ,  BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT ( P a g e  9 )  



M E A b i  = P.2111 ,  V A R I A N C E  = 2 h * 7 2 ? 0 ,  MGDE = 12 .3534 ,  M t O l A N  = 6.3276 
C C N F  I D k N C t  I q T t P V A L  = 6.9498 
For (  U ( J A h l T I T Y  N A M E D  F C H A A  F k U M  I9O.d TO 2CO.C) A T  5.0 H S E C  I N T E H J A L S ,  
T N T F r , Q A L  I S  207.0776 
u r u  ' \ 1 4 Y l S  \kc: t i F A D A F P  Y E A i 3 A L M  
S T A R T  T I ' A E  S q I F T E D  F R C Y  9.0 TI? 50.0 Y S c C  
Q U A Y T I T Y  h A u k P  H E A O A  F R C M  50.0 TO 150.0 A T  5.0 Y S E C  I h T F k V A L S  

FPF i71)EFICY 0.0 W I T d  C O i F F I C I l N T  25.1162 
RENAPE11 R E S P I L T I  V E L Y  r i t A D A F P  AND F E A D A C Y  
PiEw N h h l E S  A E t :  H i  A D P P K  H F A U A A V  t l E A D A I T  
F O Q  O U h N T I T Y  '4AMCU t iEAUA P k A K  V A L U E  I S  77.18h0 A T  3.1300 S E C .  
T H R f  f "11 I I S T I  IWD A V E Q A L ?  I S  05.h07b 
3 U A * d T I T Y  I 1 4 v E D  ' E S T V  F F F Y  0 .3  2 0 0 . 3  A T  1U.b P " € L  I N T t k V A C S  
? A S  U t r ' i  V l I L T ! D L  I F I l  P Y  ?.i)OO AV1D C l t + b M t D  T F S T V Z  
F O R  ! ' J A V T I T I C <  N A M F U  L H E S T A  A 4 0  H I P A  
c o P P L L C T : r l h l : ( l ~ ~ ~ ~ ~ ~ ~ h ~ ~  I S  9.7240 F ~ N A Y E D  c c c  
bf.4 t A h ' C S  A k [ :  L / ! P h V h  H I P A I ' J M  
NEW tlA'Ac5 4 P F :  C H E S T A V F  C h E S T b 1 , M  
I ) U 4 V T I T Y  h l l F + l i )  C H F S T A V R  PlOT F U U h D  I h  C C N T K O L  S T l l R A G E  A R P A Y .  
Y F d  h Z M F S  A p t :  V E L b X  V E L I h  V E L E N  V E L V R  
F U Q  t l ~ I A N T I T I C S  N A V C O  L C W F Q A  , ( I P P E G A  9 

M F 4 h  f \ i P V I  ST I1PE3 A S  V E C  
P O I L T b 4 1 S E  M C 4 S d 4 E S  4 R t :  = 5Zb.23351 M I N  = -?3?.5L669 M t A N  = - " . h 6 7 I J  
V A P I E h l L F  = 19d45.5'37S 
S T P D T  T I M E  S H I F T E D  F 2 G f l  '9.0 TCI 16'3.0 Y S E C  
O U A V T I T Y  N 4 ' 4 E O  t i E A D P  9 S T A R T I N G  T I M E  S H I F T F D  FS3M 0 . 3  T S  3 . 3  i 4 S k C  
c ~ q ~ u r n  HCLI~C 
F09  Q ' J A Y T I T Y  N A ' l E O  HECDC FI'OY 0.b T U  100.0 A T  13.0 M S t C  I N T E R V A L S  
V A L l l F S  A p r  11.937942 ?3014157!  30.671356 

' 7 . 1 8 3 ~ h n  65.5 27796 1.4351506 3 3 0 6 9 0 1 1 5  
7 ,  )9395&! 2 3 0  34027 1 5 0 5 4 s 2 5 7 0  7.7674675 

S ' h D T  T I h l t  S H I F T E ' ?  F P C M  0.2 Tf l  100.0 Y S i C  
3 1 1 4 V J T I T Y  b A M C 1  k C C O A  S t L E C T E l )  AT  T I M E  100.0 M S E C  P I 4 0  R E L A M C I :  H F A D i l  
~ ( ~ ~ P T I T Y  F J A ~ ' ~ D  q t ~ 3 1 )  H A S  V A L U E  1 3 0 9 3 7 9 4 2  
U l l A ? J f  I T Y  N A f r r 5  t i !ADA Y I h r l J S  C I J A N T I T Y  N A Y E L  C H E S T C  'iI.UA.IL7 . I F r  
F O G  i j l i A U T I T Y  NA'JCJ , ) I F F  FIlr'E' 0 .3 T 3  2 0 0 0 3  4 T  l d r O  p > t C  I U T E n V b L 5  
V A L U i ?  ? F c  ~ . ~ C . 3 _ ' 5 ! " 0  -00 ?3Sh3! 6 5  0 .5148597Jk-01  

-L. : '?Z?P! - 6 . 0 5 1 ? 5 q 6  -3 .7969465  - 7 . 1 ~ 5 7 4 3 1  
6 ,  6 ~ 7 ~  ) G I  -11.264211 12 .50371Q - 5 , 5 4 9 4 1 7 1  
2!.170212 2b.5 Q a 5 4 b  57.C91319 4tb05075! 7 

-?. ' .f i lQ16? 2'. 1 b ~ 2 1 b  -7 .9392375  18. 1 6 J 1 5 b  
-< 1 3 5 5 r E 4  o.iIzS2 c 0 4  

? t 5 i J i  T OF F 3 ? h ' U L A  I Y T E F P Q i f E R  I S  - 2 4  a79 - 2 6 .  29 -24.76 -25 .  23 
- 2 1 . 4 7  -?3.&O 7 5  -31.57 - 1 l . R O  -35.5: - ; b . > 5  - b 3 . ~ 3  
-C?. 1 7  -7 ' ) ,50 -60.97 -111.?"-52.65 - ! 4 . 2 ,  -41.5' -14.55 
- 2  2 - 3 1  

F O G  ( ' c l A b ' T I T Y  ' I A Y E O  A V 5 i  F I L J "  0.0 T O  2Gu.3 4 T  10.3 " > t i  I h l T E k V A L b  
V P L L I k  5 A<E -24 .7+c  35.) -26 .2  J 2 C 8 4  -24,70?\7SC 

-LK."T2??', - 2 '  .46'SEP -23.403705 -17.34qJR? 
- ? I  . 5 h 7 I C l 3  -!1.9947'1 -35.  5 1 4 5 4 ~  - 1 3 , 7 4 7  
-LO,??LL.C? - c . ' l o  165344  - 7 3 .  45697' -S9*1693CQ 
- 1  !, 3 2 4 5 7 9  -42 .64Sr l l l  -14. ? 2 0 d 5 5  5 9 1 5 5 s  
-1 9. d 4 7 l c G  -?Q.O05j?L 

F O P  P O L 4 C  P L  J T ,  h i F : ? k h ' C F  L I b I E  S A p t  ? . Z O O  S F L O 4  A t i E  0.?33 A n i i V E  1. 
S C A L I F J G  " G R C q C T k r q  I R E :  -1 .4003  1.4000 l . 4 C C O  -1.4COO 5 0 ~ 1 - + 2  

3 2 . 1 L 2 O  6'.7233 L '  2 t r t J 0 0 3  ' led150 3 . 5 2 5 3  J r 3 1 1 1  
F F k  I : l J h l l T 1 7 1 E S  P14'4iT) H I C A  CPID , C I A  P O L A R  P ( 1 I Y T  1 5  l J F t  P A C l i ,  
P O I N T  H I L L  H r  I U V C F T - D  A4!C P L I I T T C D .  
F O R  I J I I A ~ , T I T I ~ S  V A q F D  S r A  b N v  H I C A  w I T d  V A L U E S  1 i 0 . 3 3 4 7  7 2 4 . 3 6 3 5  
PLJLPR P J I h T  1 2  AT X 1 Y =  0.218L d.0384 L A B E L E D  A 

TABLE 16. SAMPLE BATCH INPUT,  BATCH ALIXIL IARY OUTPUT AND REGULAR BATCH OUTPUT ( P a r j e  10) 



F O R  O I J A N T I T I E S  M A Y E 3  S I A  A N D  H E A D A P K  W I T H  V A L U E S  116.0387 77.1840 
P O L A R  P O I N T  1 7  AT X * Y =  1 . 0444 1.0815 L P B E L E O  B 
F P Q  Q U A N T I T I E S  Y A W E D  M S l A  AND H E A D D  M I T H  V h L t J E S  5.5160 13.9379 
PC'LAk P O I N T  I S  AT  X ,Y=  3,5551 0.391 9 L A B E L E D  C 
F O P  O l J h N T I T I k S  N A M E D  H I P A E N  A N D  H I P O A X  W I T H  V A L U k S  8.2111 18. 3956 
P O L A R  P n I N T  I S  A T  X * Y =  -0.2096 d.3941 L A B E L E D  D 
F O P  O U A Y T I T I E S  N A M E D  F C H A A l  AND Y I A  W I T H  V A L U E S  207.0776 11680387 
P O L A R  P O I Y T  I S  AT  X I Y =  -1.6039 0.7823 L A R E L C D  E 
F O R  O U A N T I T I F S  N A Y E O  H E A 3 A P K  A N D  H E A D D  P C L A R  P O I N T  I S  OFF PAGE.  
P O I N T  k I L L  B E  I N V E R T E D  A N C  P L O T T E D *  
F 0 1  J U A N T I T I E S  NAY:!) HEhDO AND H E A D A P K  W I T H  V A L U E S  13.9 379 778 1840 
P O L A R  P O I N T  I S  AT X,Y= -0.0251 -0.1788 L A R E L E D  F 
FOR i J I ) h N T I T I E S  N A M E C  H E A 3 4 A V  A N D  H E A J A P K  W I T H  V A L U E S  6 5 . 6 9 L b  77.1843 
POLkF P O I N T  I S  A T  X * Y =  0.3990 -0.7505 L A B E L E n  G 
F O R  J U A N T I T I E S  N A M E D  V E L A X  A h D  V E L E Y  P O L A R  P O I N T  I S  3kF PAGF. 
P O I N T  k I L L  9 E  I h V E P T E D  AND P L C T T E O .  
F O R  ( J O A N T I T I E S  N P M E D  V E L E h d  A N D  V E L A X  H I T H  V A L U E S  -9.667 0 38b.2335 
P O L A R  P q I N T  I S  AT  X * Y =  0.0225 -0.0110 L A B E L E D  H  
F O P  P H A S E  P L A N E  T Y P E  P L O T *  
S C A L I Y C  P A F A Y E T E R S  A R E :  0.0 1 5 0 ~ ~ 0 ~ 0 0 0 0  100*0300 010 

3.13Q7 2.3000 -0.5400 55rd000 57r6923 0.97 59 
F O R  C 4 F T F S  I A N  P L O T *  
S C A I  ING P A R A M F T E R S  A P E :  0.0 2'9OoU303 600.5009-10OUrCC00 

3.h500 2.0000 -0.0337 21r25'00 0.7692 14.8148 
FOR D E V I A T I C N  P L t I T v  
S C A L  IN(, P A H A M E T E X S  4PE:  010 2 C O , O O O C  8000.0303-b300.0000 

Oe650D 2.7000 -O*U0?4 28.00CO 0.7692 148*1481 
C I U A N T I T Y  V A M E D  C C C  H A S  V A L U E  3 s  72398794 

TABLE 16. SAMPLE BATCH INPUT, BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT (Page 11 )  
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F I X )  = A ( 0 )  + P l 1 ) h  + A I Z t X  + A l 3 ) X  + ... + A ( l J X  + + A ( N b X  

F I T  DEGHkt 3 
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q e 2 0  

OEGREE 9 F I 1  
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2 . 5 7  
1.67 
1.14 
0.99 
1.21 
1.76 
2.59 
3 .65  
4.86 
6.12 
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3.. 34  

OEGKEE 5 F I T  
5 - 2 6  
3.93 
2.65 
1.67 
1 - 0 6  
0.87 
1.10 
1.71 
2.63 
3.7l 
5.02 
6.27 
7.40 
8.30 
8.89 
9.10 
8 - 9 0  
8.29 
7.32 
6.10 
4.80 

OEGREE 6 F I T  
5.21 
3.86 
2.67 
1.75 
1.15 
0.93 
1.11 
1.66 
2.53 
3.66 
4-93 
6.23 
7.43 
8-39 
9 -02  
9.22 
8.94 
8.22 
1 - 1 6  
5.96 
4.97 

DEGREE 10  F I T  GEGHEE 
5.26 
3.81 
2.62 
1.73 
1 - 1 6  
0. 98 
1.15 
1.68 
2.53 
3.63 
4.63 
6 - 1 9  
7.40 
d.40 

TABLE 16. SAWPLE BATCH INPUT, BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT ( P a g e  12) 
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3.0  DETAILED PROGRAM INFORMATION 

3.1 General Program D e s c r i p t i o n  

The f o l l o w i n g  t h r e e  s e c t i o n s  d e s c r i b e  t h e  p h y s i c a l  makeup o f  t h e  

Val i d a t i  on Command Language. 

3 : l . l  O r g a n i z a t i o n  and Flow 

The V a l i d a t i o n  Command Language i s  implemented b y  a  t o t a l  o f  

n i n e t y  f i v e  subprograms. Tab le  17 c o n t a i n s  a  l i s t  o f  a l l  t h e  sub- 

programs t o g e t h e r  w i t h  t h e  r o u t i n e s  each subprogram c a l l s  and a  

s h o r t  d e s c r i p t i o n  o f  t h e  f u n c t i o n  o f  t h e  subprogram. 

3.1.2 Pack ing Techniques 

Two v e r y  s i m p l e  pack ing  systems have been developed f o r  use i n  

t h e  i n t e r p r e t i n g  o f  t h e  i n p u t  commands and i n  t h e  s to rage  o f  cons tan ts  

and v a r i a b l e s  ( d a t a  s e t s ) .  

Each i n p u t  command i s  read  c h a r a c t e r  by  c h a r a c t e r ,  ana lyzed and 

packed i n  f r e e  fo rma t  s t o r a g e  a r r a y .  The i n f o r m a t i o n  i s  t hen  f e d  t o  t h e  

a p p r o p r i a t e  subprogram which re-ana lyzes t h e  packed i n f o r m a t i o n  and 

c a r r i e s  o u t  t h e  s p e c i f i e d  command. 

When a  d a t a  s e t  o r  a  c o n s t a n t  i s  e n t e r e d  i n t o  t h e  s to rage  system, 

a  c o n t r o l  e n t r y  o f  one o f  t h r e e  t ypes  i s  e n t e r e d  i n t o  t h e  c o n t r o l  a r r a y ,  

and t h e  d a t a  i s  e n t e r e d  i n  a  f r e e  f o r m a t  s to rage  a r r a y .  The t h r e e  

t ypes  o f  c o n t r o l  e n t r i e s  a r e  f o r  cons tan ts ,  d a t a  s e t s ,  and f o r  f i l t e r  

we igh ts .  

3.1.3 P r i n t  P l o t  Graphics 

The p l o t t i n g  s e c t i o n  o f  t h e  Val i d a t i o n  Command Language i s  

c u r r e n t l y  implemented o n l y  f o r  p roduc ing  p r i n t e r  p l o t s .  The tech -  

n i q u e  employed i s  t o  s t o r e  a  page image o r i g i n a l l y  s e t  t o  b l a n k s  

and p u t  i n  o t h e r  c h a r a c t e r s  as needed f o r  t h e  p a r t i c u l a r  command. 

The page image i s  then  p r i n t e d  by  t h e  PP command. The p l o t  s e c t i o n  

a l s o  produces p r i n t e d  o u t p u t  which c o n t a i n s  t h e  p o i n t s  p l o t t e d .  

The p l o t t i n g  s e c t i o n  would adapt  w i t h  moderate d i f f i c u l t y  t o  

a1 t e r n a t i v e  o f f - 1  i n e  p l o t t e r  o u t p u t .  

3 .2  Program I n s t a l  l a t i o n  

The p r i n c i p a l  p rob lem i n  i n s t a l  1  i n g  t h e  Val i d a t i o n  Command 

Language i s  t h e  c h a r a c t e r  hand1 i n g  subprograms i n v o l v e d  i n  t h e  



TABLE 17. SUBPROGRAM TABLE 

Rout ine  Name Rout ines C a l l  ed D e s c r i p t i o n  
- 

(mai n )  

BLOCK DATA 

COMFRQ 

I NMAI N s e t  s to rage  s i z e  l i m i t s  

d e f i n e s  cons tan ts  and tab1 es 

I NTMAK 
R I  NF 
GETEN 
SHIFT 
FOCOLS 
STOREN 

computes and s t o r e s  f requency w i t h  maximum 
F o u r i e r  c o e f f i c i e n t s  

s e l e c t  p r o p e r  t ype  o f  p l o t  and d e s t i n a t i o n  COMPAR 

COMPS c a l c u l a t e s  f a c t o r s  o f  N + s t o p  f r e q .  needed 
f o r  o p t i m i z a t i o n  

COMVAR GETEN, 
FDIST 

I NTMAK , 
RINF 

IDIGIT 

RINF, GETEN, 
SHIFT , STOREN 

compares va r iances  o f  two q u a n t i t i e s  by F- 
d i s t r i b u t i o n  and p o i n t s  

CONPAR r e s e t s  d e f a u l t  f i n a l  t ime,  s p e c i f i e s  u n i t s  f o r  
o u t p u t ,  s e t s  t e r m i n a l  p r i n t e r  s w i t c h  

CONVER 

CORREL 

reads numbers f rom i n p u t  ca rd  

computes, s t o r e s  and p r i n t s  c o r r e l a t i o n  coe f -  
f i c i e n t  between two q u a n t i t i e s  

c a l c u l a t e s  Lagrange i n t e r p o l a t i o n  c o e f f i c i e n t s  
f o r  use i n  GEE 

DELl 

DEL2 

DRAWIT 

FDIST 

FETCH 

c a l c u l a t e s  optimum passband r i p p l e  

c a l c u l a t e s  optimum stopband r i p p l e  

TITLE w r i t e s  p l o t  image and t i t l e  o n t o  LDNOUT 

computes F - d i s t r i  b u t i o n  f o r  COMVAR 

ge ts  a p a r t i c u l a r  i t e m  o f  d a t a  o u t  o f  b i n a r y  
s t o r a g e :  f o r  model da ta  

FIGURE KARDER, 
CONVER 

reads i n p u t  c a r d  f o r  numer ica l  d a t a  and con- 
v e r t s  i t  

FILDES OPTIM , SAVAR , 
REMEZ, REOPT, 
I M  POUT 

des igns 1 i n e a r  phase f i n i t e  impu lse  response 
f i  1 t e r  u s i n g  REMEZ exchange a1 g o r i  thm 

FILGEN FILDES, GENPUL, c o n t r o l s  des ign,  check ing and s a v i n g  o f  f i l t e r  
SAVCOF 

FILTER GETEN, FILTNG a p p l i e s  a f i l t e r  t o  a q u a n t i t y  and s t o r e s  t h e  
STOREN r e s u l t  

F I LTNG - - - - computes f i  1 t e r e d  s i g n a l  



TABLE 17. SUBPROGRAM TABLE (con t inued)  

Rout ine Name Rout ines C a l l  ed D e s c r i p t i o n  

FOCO F  INTMAK, RINF, 
GETEN, SHIFT, 
FOCOLS 

computes and p r i n t s  F o u r i e r  c o e f f i c i e n t s ,  p e r i o d  
and b a s i c  f requency f o r  a  q u a n t i t y  

computes F o u r i e r  c o e f f i c i e n t s  by l e a s t  squares 
approx imat ion 

FOCOLS ---- 

FORM ---- b u i l d s  up fo rmat  f o r  p r i n t i n g  o u t  r e s u l t s  o f  
r e g r e s s i o n  f i t t i n g  

FORMIN I DTFOP , I DTFNM, 
GETEN, KARDER, 
SHIFT, OPERTIN, 
I DTFSM, STOREN 

c o n t r o l s  fo rmula  i n t e r p r e t i n g  

eva lua tes  f requency response u s i n g  Lagrange 
i n t e r p o l a t i o n  formula  i n  b a r y c e n t r i c  fo rm 

GEE 

GENPUL F I LTNG generates a p u l s e  and a p p l i e s  a  designed f i l t e r  
t o  i t  t o  check t h e  f i l t e r  

ge ts  q u a n t i t y  asked f o r  from i n t e r n a l  s to rage  GETEN 

GMRS I I RINF, GETEN, 
SHI FT , STOREN 

computes and s t o r e s  GMR m o d i f i e d  s e v e r i t y  index 

G RA FG 

HIC 

H I  CC 

produces p r i n t e r  p l o t  o f  frequency response 

computes t h e  H I C  index 

computes and s t o r e s  t h e  H I C  index RINF, INTMAK, 
GETEN, HIC, 
STOREN 

I DENTF KKIPER i d e n t i f i e s  i n p u t  ca rd  

IDIGIT 

I DTFNM 

conver ts  numeral i n t o  i n t e g e r  

KARDER, CONVER,  
PACK 

i d e n t i f i e s  n e x t  cha rac te rs  i f  data  s e t  name, 
cons tan t  name, number q u a n t i t y  o r  b i n a r y  
o p e r a t o r  

i d e n t i f i e s  n e x t  cha rac te rs  as unary o p e r a t o r  I DTFOP 

I DTFSM 

IMPOUT 

i d e n t i f i e s  n e x t  cha rac te rs  as b i n a r y  o p e r a t o r  

p r i n t s  impulse response o v e r  t e r m i n a l  



TABLE 17. SUBPROGRAM T A B L E  (con t inued)  

Rout ine Name Rout ine Ca l l ed  D e s c r i p t i o n  

I N M A I N  T I T L E ,  KARDER, c o n t r o l s  i n p u t  
I D E N T F  , F I G U R E  , 
CONPAR, MODRUN, 
SEEKNM , OLDNM , 
MODAT, TSTRU N , 
TSTDAT , QUEM, 
QUEPHA , QUAMP , 
FOCOF SHFTZ , 
F I L G E N ,  F I L T E R ,  
H I C C ,  S I I ,  
GMRS I I NEWNM , 
I NTEG , COMFRQ , 
THREM , MODAMP, 
CORREL COMVAR 
PTMNS , R E G F I T ,  
FORMIN,  P L O T I N ,  
PLOTQT , PLOTCV , 
P R I N T S  , DRAWIT  , 
P R I N T Q  
---- de f i nes  parameters used i n  FETCH 

R I N F ,  GETEN, computes and s to res  i n t e g r a l  (by Simpson's 
S H I  F T  , STOREN r u l e )  o f  q u a n t i t y  

I NST 

I NTEG 

I NTMAK 

I N V E R  

I S P A C E  

KARDER 

K K I P E R  

KKTEST 

L A B E L  

L B L P U T  

L I N E  

M F I U  

KKTEST 

KARDER 
---- 

LBLPUT,  PUT 

PUT 

SCALE,  PUT 

FORM, SCAL 
T I T L E  

makes i n t e g e r  o u t  o f  da ta  i n  I N F O  

decides which da ta  must have i t s  s i g n  changed 
(y + up on p l o t s )  

checks p l o t  image t o  see i f  b lank  (no t  used 
y e t )  
de f i nes  index f o r  p roper  model q u a n t i t y  
u n i t s  l a b e l  g iven  category and column numbers 

reads i n p u t  card 

searches i n p u t  card 

checks f o r  p rev ious  e r r o r  r e t u r n  

gets  numerical  l a b e l s  f o r  p l o t s  o f f  i n p u t  
ca rd  and pu t s  them i n t o  t he  p l o t  image 

pu ts  numerical  l a b e l s  i n t o  p l o t  image 

pu t s  charac te r  i n t o  t he  p l o t  image a long a 
s p e c i f i e d  l i n e  

does l e a s t  squares regress ion  f i t t i n g  o f  one 
s e t  o f  da ta  t o  another 

se ts  an index f o r  f i n d i n g  p roper  convers ion 
f a c t o r  (s tandard  - m e t r i c  u n i t s )  g iven  u n i t s  
index  f o r  exper imenta l  da ta  



TABLE 1  7. SUBPROGRAM TABLE (con t inued)  

Rout ine Name Rout ines Cal l e d  D e s c r i p t i o n  

M I  CON GETEN , SHIFT , 
STOREN 

computes a  new da ta  s e t  which i s  t h e  d i f -  
fe rence  between two data se t s  

m u l t i p l i e s  a  da ta  s e t  by a  cons tan t  f a c t o r  
and s to res  o r  s e l e c t s  a  p o i n t  f rom a  da ta  
se t ,  m u l t i p l i e s  i t  by a  cons tan t  and s to res  

RINF, GETEN 
SHIFT , STOREN 

MODAMP 

i t  

ge ts  da ta  s e t  o u t  o f  b i n a r y  s to rage  and s to res  MO DAT RINF, INTMAK, 
INST, FETCH, 
INVERY NF, 
IUN, STOREN 

reads general  da ta  o u t  o f  b i n a r y  s to rage  MODRUN ITHMAK , 
PICKUP 

c rea tes  new names as needed f o r  s to rage  NEWNM 

N F  

PACK 

de f i nes  index f o r  u n i t s .  convers ion f a c t o r  
g i ven  category and column numbers 

reads spec ia l  names f o r  con tac ts  (ca tg .  2-4) OL DNM 

OPERTN SQRT, S I N ,  COS computes e f f e c t s  o f  bo th  unary and b i n a r y  
opera t o r s  

OPTIM COMPS , OPT1 MN , 
STOP, DELI , 
DEL2 

op t im izes  f i  1 t e r  d e s c r i p t i o n  under c o n t r o l  

OPTIMN 

OUCH 

PACK 

PICKUP 

checks o p t i m i z a t i o n  o f  low pass f i l t e r s  

p r i n t s  comments about f a i  1 u re  t o  converge 

pu ts  names i n t o  INFO 

reads spec ia l  names f o r  ca tegor ies  2-4 from 
b i n a r y  s to rage  

PLOTCV GETEN, SHIFT, 
TITLE, LINE, 
UNITS 

ge ts  curve da ta  s e t ( s )  f rom i n t e r n a l  s torage,  
pu t s  i t  (them) i n t o  p l o t  image accord ing  t o  
type o f  p l o t  se lec ted  and l a b e l s  axes w i t h  
p roper  u n i t s  and p r i n t s  summaries 

PLOTIN RINF SETSCL 
SCALE, PUT, 
LINE, LABEL, 
TITLE 

def ines s i zes  o f  p l o t s ,  computes s c a l e  f a c t o r s ,  
pu t s  axes, i n t e r v a l  markers and numerical  1  abels  
i n t o  p l o t  image 

PLOTQT RINF, GETEN, ge ts  p a i r  o f  s i n g l e  p o i n t s  from i n t e r n a l  
SCALE, PUT s to rage  and pu ts  t h e i r  r a t i o  i n t o  p l o t  

image and p r i n t s  values 

PRI NTQ RINF, GETEN, ge ts  da ta  s e t  f rom i n t e r n a l  s to rage  and p r i n t s  
S H I  FT se lec ted  p o r ' t i  on over  t e l e t y p e  



TABLE 17. SUBPROGRAM TABLE (con t i nued )  

Rout ineName Rout ines  C a l l e d  D e s c r i p t i o n  
____--I_- - ----- -.--A- 

.- 

PRINTS GETEN g e t s  s i n g l e  datum f rom i n t e r n a l  s to rage  as r e -  
quested and p r i n t s  i t  ove r  t e r m i n a l  formula 
i n t e r p r e t e r  

PTMNS RINF, GETEN, computes max, min ,  mean, + va r i ance  o f  mean cu rve  
SHIFT, STOREN o f  curves  named and s t o r e s  them and t h e  mean 

cu rve  

PULOFF KKIPER, PACK i s o l a t e s  word on i n p u t  c a r d  and p u t s  i t  i n t o  
INFO 

PUT ---- i n s e r t s  c h a r a c t e r  i n t o  p l o t  image g i v e n  mesh 
c o o r d i n a t e s  

QUAMP RINF, INTMAK, computes and p r i n t s  amp1 i tude c o r r e l a t i o n  
GETEN, SHIFT c o e f f i c i e n t  o f  two d a t a  s e t s  

QUEM GETEN, RINF, computes and p r i n t s  o r  s t o r e s  max, min, 
SHIFT, TP, mean, v a r i a n c e  , mode, median and sometimes 
STOREN t h e  con f i dence  i n t e r v a l  f o r  d a t a  s e t  named 

QUEPHA RINF, INTMAK, computes and p r i n t s  phase c o r r e l a t i o n  coe f -  
GETEN, SHIFT f i c i e n t  o f  two d a t a  s e t s  

REGFIT RINF, INTMAK, ge ts  two d a t a  s e t s  f rom i n t e r n a l  s t o r a g e  and 
GETEN, SHIFT, f i t s  one t o  t h e  o t h e r  by l e a s t  squares 
LSQ 

REMEZ D, OUCH, GEE "we ighted Chebychev app rox ima t i  on o f  a  con- 
t i n u o u s  f u n c t i o n  w i t h  a  sum o f  cos ines "  

REOPT GRAFG, SAVAR " re-es  t i m a t e s  parameters"  

RINF ---- makes r e a l  number o u t  o f  d a t a  i n  INFO 

SAVAR ---- saves f i l t e r  we igh ts  f o r  f u t u r e  use 

SAVCOF STOREN p u t s  des ign  f i l t e r  d a t a  i n t o  i n t e r n a l  s to rage  

SCAL ---- sca les  d a t a  f o r  LSQ 

SCALE ----  computes mesh coo rd ina tes  f o r  p l o t  image g i v e n  
va lues  

SEARCH ---- determines  l a s t  r e c o r d  number of c u r r e n t  t a b l e  

SEEKNM PULOFF, KKIPER, g e t s  names o f f  i n p u t  ca rd  
COMPAR 

SETSCL ---- computes s c a l e  f a c t o r s  f o r  POLAR p l o t s  

SHFTZ RINF, GETEN, gets  a  da ta  s e t  from i n t e r n a l  s t o r a g e  
SHI FT , STOREN 



TABLE 17 . SUBPROGRAM TABLE (con t inued)  

Rout ine  Name Rout ines Cal l e d  D e s c r i p t i o n  

s e l e c t s  p a r t  o f  a  d a t a  s e t  as asked f o r  

RINF, GETEN, 
SHIFT, STOREN 

computes and s t o r e s  s e v e r i t y  index f o r  a  da ta  
s e t  

STOP c a l c u l a t e s  optimum lowpass f i  1  t e r  stopband 
f requenc ies  

STOREN 

TAPRED 

THRAVG 

pu ts  data  o r  da ta  s e t  i n t o  i n t e r n a l  s to rage  

d u n y  

l o c a t e s  peak va lue  and computes 3 m i l  1  isecond 
average o f  da ta  s e t  

THREM RINF, GETEN, 
SHIFT , THRAVG , 
STOREN 

gets  da ta  s e t  f rom i n t e r n a l  s to rage ,  computes 
and s t o r e s  3 msec av, peak va lue  and t i m e  o f  
s t a r t  o f  3 msec i n t e r v a l  

TITLE p r i n t s  t i t l e s  f o r  p l o t s  and t h e i r  sumnaries 
and f o r  r e g r e s s i o n  f i t t i n g  o u t p u t  

computes s t u d e n t ' s  T - d i s t r i  b u t i o n  f o r  con- 
f i dence i n t e r v a l  

TSTDAT RINF, INTMAK, 
TAPRED, MFIU, 
SHI FT , STOREN 

reads exper imenta l  da ta ,  conver t s  i t  i f  
necessary, and pu ts  i t  i n t o  i n t e r n a l  s to rage  

d e f i n e s  1  o g i c a l  dev i ce  number f o r  exper imenta l  
d a t a  

TSTRUN I NTMAK 

UNITS PUT p u t s  u n i t s  l a b e l  i n t o  p l o t  image 



r e c o g n i t i o n  o f  i n p u t  commands. Th is  impending problem was planned 

f o r  i n  t h e  des ign o f  t h e  Command Language by s e t t i n g  o f  a  number o f  

key parameters which as much as p o s s i b l e  c o n t r o l l e d  t h e  c h a r a c t e r  

hand1 i ng. These parameters a r e  c a l  l e d  Compi 1  a t i o n  Parameters and a r e  

d e f i n e d  a t  t h e  end o f  t h e  B lock  Data Subprogram. The Compi la t ion  

Parameters a r e  shown i n  Table 18 t o g e t h e r  w i t h  a  d e s c r i p t i o n  o f  each 

one. 

3.3 Spec ia l  i zed Subrout ines  

The V a l i d a t i o n  Command Language gathers  t o g e t h e r  many s p e c i a l  pu r -  

pose subprograms f rom many p laces .  The n e x t  f i v e  s e c t i o n s  desc r ibe  some 

o f  t h e  more prominent  o f  these r o u t i n e s .  

3.3.1 I n p u t  Conversions Subrout ines  

These r o u t i n e s  were developed f o r  t h e  Veh ic le  Crash S i m u l a t i o n  

Execu t i ve  System,* These r o u t i n e s  f e a t u r e  a  f r e e  fo rmat  p r e s e n t a t i o n  

o f  d a t a  and a  more genera l  way o f  r e p r e s e n t i n g  t h e  number. The 

general  fo rm o f  numeric r e p r e s e n t a t i o n  i s  as f o l l o w s :  

" S "  s tands f o r  p l u s  o r  minus s i g n ;  " N "  s tands f o r  numeric d i g i t ;  t h e  

s i n g l e  I .  ' f o r  decimal p o i n t ,  " D I E "  s tands f o r  t h e  l e t t e r  "D"  o r  t h e  

l e t t e r  " E " ,  and pa ren thes i s  means something t h a t  i s  o p t i o n a l .  Blanks 

a r e  ignored.  I f  n e i t h e r  " D "  n o r  " E N  i s  p resen t  and t h e r e  i s  an exponent, 

t h e  s i g n  must be p resen t .  I f  no number i s  presented b u t  a  p l a c e  f o r  

a  number i s  presented,  (e.g. ,  ",," o r  ",*"), t h e  va lue  i s  f i l l e d  

w i t h  t h e  d e f a u l t  va lue code word which i s  a  huge p o s i t i v e  number. 

Since t h e  c u r r e n t  program does n o t  i n s p e c t  t h e  conver ted values f o r  

t h i s  va lue  i n  any case except  f i n a l  t imes,  t h e  use r  must n o t  d e f a u l t  

i n d i v i d u a l  q u a n t i t i e s  except  f i n a l  t imes.  

3.3.2 Tape Reading Subrout ine  - 

Tape r e a d i n g  i s  n o t  implemented as p a r t  o f  t h e  c u r r e n t  Command 

Language. I f  t h e  use r  wishes t o  read  tapes,  he must supp ly  a  tape 

r e a d i n g  r o u t i n e  named "TAPRED" which makes use o f  t h e  f o l l o w i n g  

f o u r  arguments 

( a )  an i n p u t t e d  i n t e g e r  which g i ves  t h e  f i l e  o r  r e c o r d  number 

i f  u s e f u l  ; 

* Reports i n  p r e p a r a t i o n  under NHTSA c o n t r a c t .  



TABLE 18 COMPILATION PARAMETERS 

Parameter D e s c r i p t i o n  Cur ren t  Val  ue 

I DFULT Numeric q u a n t i t y  d e f a u l t  code word ( 7 7 7 7 7 7 7 7 )  

KCHPWD Number o f  c h a r a c t e r s  p e r  i n t e g e r  word 4 

KWDPNM Number o f  i n t e g e r  words p e r  name 2 

KWDPRL Number o f  i n t e g e r  words p e r  r e a l  word 1  

LDIGIT Maximum number o f  d i g i t s  i n  i n p u t  numeric 
q u a n t i t y  12 

LDNFLT L o g i c a l  d e v i c e  number f o r  t a b l e  o f  p r e d e f i n e d  
f i 1 t e r s  8 

LDNIND L o g i c a l  dev i ce  number f o r  command i n p u t  5 

LDNOUT L o g i c a l  d e v i c e  number f o r  ba tch  o u t p u t  6 

LDNTTP L o g i c a l  d e v i c e  number f o r  i n t e r a c t i v e ,  aux i  1 i a r y  
and d i a g n o s t i c  o u t p u t  7 

MPOWER Maximum magni tude o f  power o f  t e n  i n  a  numeric 
i n p u t  q u a n t i t y  2 0  



( b )  an i n p u t t e d  i n t e g e r  which g i v e s  t h e  l o g i c a l  dev i ce  nuniber 

t o  which t h e  tape i s  a t t ached  

( c )  an i n t e g e r  a r r a y  c o n t a i n i n g  t h e  Volume name i n  EBCD 

( d )  an i n t e g e r  a r r a y  c o n t a i n i n g  t h e  F i l e  name i n  EBCD 

A maximum o f  401 p o i n t s  can be accomodated and these must be read  i n t o  

t h e  a r r a y  P i n  t h e  f o l l o w i n g  COMMON s ta tement :  

The d a t a  i s  e n t e r e d  i n t o  t h e  s to rage  system by t h e  f o l l o w i n g  

c a l l  : 

CALL STOREN (IU,2,1, NP+2, NP, ST, T I )  

where 

I U  i s  t h e  u n i t s  d imension code i ndex  (See Table 2)  

NP i s  t h e  number o f  p o i n t s  

ST i s  t h e  s t a r t i n g  t ime  i n  msec 

T I  i s  t h e  t ime  increment  i n  msec 

3.3.3 Spec ia l  I n d i c e s  Subrout ines  

The f o u r  s p e c i a l  i n d i c e s  r o u t i n e s  where b rough t  ove r  f rom t h e  

MVMA 2-D Crash V i c t i m  S i m u l a t i o n  r e p o r t .  Table 19 shows t h e  exponent 

f u n c t i o n a l  r e l a t i o n s h i p  i n  t h e  M o d i f i e d  S e v e r i t y  Index.  

3.3.4 D i g i t a l  F i l t e r i n g  Subrout ines  

The f i l t e r  des ign  r o u t i n e s  and t h e  f i l t e r i n g  r o u t i n e s  were b rough t  

o v e r  f rom Dr. Nabih M.  Alem o f  t h e  HSRI s t a f f  who m o d i f i e d  a  program 

developed by McClel 1  an (See "Whole Body Response Research Program," 

Second F i n a l  Repor t ,  UM-HSRI-76-3). 

3.3.5 Regression F i t t i n g  Subrou t i ne  

The r e g r e s s i o n  f i t t i n g  s u b r o u t i n e  was b rough t  o v e r  f rom a  s t a n d -  

a lone  package developed by Ray Gould a t  t h e  Wi l l ow  Run Labs o f  t h e  

U n i v e r s i t y  o f  Mich igan i n  1963 ( i n t e r n a l  memo e n t i t l e d ,  "Least -  

Squares Polynomial  F i t t i n g  Program; WR-57). 



TABLE 19 THE EXPONENT FUNCTIONAL RELATIONSHIP FOR THE GMR MODIFIED 

SEVERITY INDEX 

Exponent Re1 a t i  ons h i  p 
A c c e l e r a t i o n  range  ( g  ' s )  and C o e f f i c i e n t s  Exponent Range 

exp  = cl 

C1  = - . 7  

- 

c o n s t a n t  - .7 

exp = c 2  + c3 /a  

exp = c 4  + c *a 5 
c = 2.66221 

4 
c 5  = -.00181102 

exp = c 6  

c 6  = 2.3 

c o n s t a n t  2.3 






